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inans' y«irs’ f!X]K;rK'nt:e in teaching' prarticul chemistry 
ti) v.!iti liav'c ton)|)leli*<l a coiirse of elementary work, 

ihe anihurs have ft-ll liie need of a laboratory manual nioro 
geiirral in character than those tonnnonly used. 1’he prepara- 
tion t'lf inorganic coinpoinnk is ;i very irmportant liranch of 
experimental work which is too often neglected, but, which 
form:-, a. most valuable preliniintiry tt* the study of the analytical 
methods adopted for the detection and separation of the 
elements. 

In this volunm a .-•eleinion has been made of typical prepara- 
tions whicli can casilv Ire carried tint l.rv a careful student. 


the authors’ laborntones, and found to yield satisfactory results. 
.‘\ number of .simple organif: preparations has also been added. 
W'hile full instruction.s are given, so as to render it possible for 
a student of little e.xperience to work by himself, if has been 
a.'ssumed that the work will be supervist'tl Ivy a teacher. 

The arrangement of ifie inorganic prep.arations is not neces- 
sarily tlt«it in which they should be taken ; this must be left to 
the di.scriitifm of llie teacher. But it would be well for a student 
beginning the study of organic cheniisciy to work through the 
organic part in the order given. 

Some knowledge of clcnientary chemistry is expected to Ije 
pus.sessed by stiuienis using this book. In order, however, to 
facilitate the work of those who have not much laboratorv' 
exp^n’ienre, an inlrodiictury section has been Imduded, e:ontain- 
ing a .short account of the apparatu.s and appliances required 
for the work which follow.«, and commonly found in laboratories. 





t’li!' scctiijii 015 (,)ualiuj live Analysis lias been made bUiili. ienil v 
eornpleif for most jiractical purpitses, and shuuUl Ite LUideriakeii 
,>!'n r liu' pH'jiaranoi'i of inorganic eonipounds. Sortie know- 
of or-eani'’ riieini'-iry, lunveten vdl! be reijimeii !or ,i 
ivnderstanding of the reactions and detection ot the 
acids. 

t^htani itative work: is' dealt witii in. a sinii,)ie manner in 
rt il. of the hook, otnd here also, a short: account oi the 
iii ink-:-! inideriyiitg quanliuitive atralysis; and of the tijiparatus 
nipio'. cd in ''arr' inp oni tin; work, has been included in the 
iniriwlnction. llie :sec!ions on V'olnnielric and (:i,ravimetric 
K ?i > aic intend'd to serve only as a. shuit introduction to 
these Liirhichcs of tjuaiiiitatiie work. 

It is hciped that the book ill be found usetul by l:eachc;r.s, 
u ,i 'u sliiduii-. pit■]^,n■)n,^ liii^ llie \ari')us University exainina- 
'uo’n- iii i'r.i' ti'C'd ('In inistry, the esaniinations of the Board oj 
ivdncd’.on, tlie Fharniaceuticai Society, and other bodies. 
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iXTRODUCTION, 


1. GlfJSB tubfi. It ib ns'icess.'iry frccjucntly to cut and bend 
fiilic ill llic liitiii.L; liji of apparatus. For connections, soft 

clas-^. til, It 1-^. I'cadiiy liisiliie .nhtss, of small diameter, is generally 
i-nijiloyed. 'i'o bn-.ik this, make a cut with a sliarp tile at the 
roijinn-d jiosition : iiohi the tube iirmly in both hands, pressing 
tile tiiuniLis togetiier *)n ilie glass opposite to the cut, and pull 
tlie h.'inds ajiarl. The tube will break evenly at the cut For 
wider lube tliis will be found difficult; it is better to make a 
dt;ep cut on one side of the tube, and apply to it a red-hot 
point of gltiss. 'riie tube will 
crack ;dl round, or partly so. 

In the latter case, apply the hot 
point to the end of the crack 
and so lead it all round the 
tube. The glass-cutter ('Fig. i) 
is \ ery effective for glass tube of t ^ 

all kinds. Hy rotating the tube ^ 

in the cj,ni«;r, the edge of the td' 

steel whei'I mala‘s a chrnlar ) 

cut, and with tliis even hard ' j j 

combustion tube can easily be 

hrokn,. , ■ 

2. To bend glass tube. Hold the lube in the upper part 
of tile dame of a lisli-tail burner, and in, the same plane with it, 
and joiat<‘ tlie. lube slowly and continuously on its axis, so that 
it is imifbniily heat<‘d (Figt 2 , d). When it becnnic.s soft, 
rtanovo it from tlie dame and bend it to the required angle. 

B.P.C, A <B 


mL: 


2 PRACTICAL CllKMfSTk^'. 

Ti;t' hcriil sljould then .’Appear as Fi”', 2. A If IIk* tube is lieated 
ui a lliiuseu luiruer, only a sliort leiys^th beenmes softcmed, and 
it then bends like e. Tliis is nmeh ueaker thaii ilie 

i.isope.r heiui, and is liable to break under a slight stress. 

To draw out glass tube to a cajallary, die tube is tir.st 
softened in the Ikinsen burner, with I'ontimied inttitiun, then 
reuHH’t't! horn the dame and the Itvo portions drawn a]uirL until 
the eapillary i.s of the required diameter. If tlie eapillar;' i.s to 
IniM; a thill: uitii, tlie tulie innst l>e kejit soft in the iltiine, before 
drawing', uiiti] die wall lias thickened suftleientlv. 




■ ' ' ■ V. : Fig. s, a, b. c. 

To seal the end of a tube, it is best to dratv off a portion 
as ju.st described, and then, in a .small flame, draw off the 
mirrow portion vvliere the narrowing^ just begins. In this way 
the inside of the tube is kept free from moisture. 

F'or hard jcnti glass or combustion lube, the blow-pipe flame 
will be required, and for the harcle.st combustion tube, the oxy- 
ooal gas flame. 'I'lic blow-pipe flame, may be made my.ch more 
ctreftivc by allowing it to impinge on a vertical firebrick slalt, 
placed just behind the article to be heated. The heat i.s thus 
to some e.xtent conserved. 

3. Corks and cork-borers. Corks should be made of 
.sound bark only. Before use they .should be well softened in 
llie cork-press, or liy rolling under a flat weight. To bore the 
cork, a borer .should be selected sligl-itly less in diameter than 
the tube to he inserted. Begin at each end of the cork and 
bore half-way through, rotating the borer on its axis and 
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;ipplyin|4 only n sli;j,lu iirehhure, With a little CHre the holes will 
meet midway. Suiy.sequent filing of the hole is not to he 
rei-(imim,“nded. as this seldfim gives a gas-tight joint. 

Rubber stopperiB may Itc bored similarly, but the hole 
.should lie made iRun one enrl only'. The borer should be a 
liltle larger than the hole re- 
quired, aiul .should be liiliriented 
wiih causdr .soda .solution dr 
glyeeriue. 'I’iie lioiv-r must also 
l.ie sharrt. it may lie sharpened 
by rubbing the outbade of the 
edge with a tile, Im! better results 
are olrtaintjcl by using the sjjccial 
sharpener. 

4. To fit a. wasii-bottle. 

Vhe s omstnieiion is shown in the 
diagram ■: I'd;;. 3;. ,\ rubber cork 

gi\e:'i a more gas-tigdit. apparatus, 
but slinuhi not be used with 
organic litjuids, as ahohol, eth.er, 
etc. When using unpleasant- 
smelling liquids like sulphuretted 
hydrogen water, a rubbtu' tube 
may be placed on the end of the 

glass lube, air blown in and the rttbber then closed by the finger 
anil thnml,). The stream of water will continue for a short 
tiiiie. The pri's.sure on the lube should be released before 
agtiin applying the mouth. 

• SOLUTIONS, 



5. Preparing 



a substance for solution. Materials that 
occur in large crystals should be ground to 
a niore or le,ss fine state of division in a 
Wedgwood or porcelain mortar (Fig. 4), 
The jn-oce.ss of solution will then 1 re much 
more rapid, whatever the .solvent may be. 
For hard materials an inns mortar nuiy be 
u.sed, 1 lui there is some risk of contamination 
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this is to l)c avoided. 
Ipable powder 
ith the acid to 
ilysis, niay be 
ill the steel 
t; 1. Tliis consists of three 
•ylinder fits into the 
aid the ram fits into 
'File mineral is placed in 
ram hammerexi in. 
so obtained is then 
nd in the apatc' mortar 
fV). 'Fo obtain tlie fmebt powder, 
ji very small ciuantity is promid at one 
time, until the ptritty .sensation can no 
lons'cv lie detected. 

6, Making a solution. In yeneral 
it is sufficient to briny the substance, in 
a sufiiciently fine state of division, and 
the soK-ent toyether in a beaker or 
flask, stirring or shaking frequently, aiid 
, ilie water-bath. The stirring, if it has 
lYi-iv lie p.itected bv means of a watsi" 


titative analysis 
be reduced to an imna 
before the ireaunent m 
obtain a solution for ana' 
crushed to small pieces 
cruslu-r ( 

parts. The hollow c 
l avil}' in the base, re 
the cylinder 
llie latter, ami the 
'Fhe coarse jiowde.r 
verv iinely yroui 


When a vohitile soh'ent like alcohol or 
Used, the solution should be made in 
a reflux cc-mlenser, and hotited on the i 

To ensure tlnit a .solution is / 

saturated, there must be some of 

the sub'-tance 'the solute,) remain- 
ing nudissolved when the opera- 
lion is over. 


SHI.UBlLrFV. 

7. The s^ilubilily of a substance 
varies will) the femperaliire, in- 
creasing in the majority of cases 
with increa.se of lemfjeniture. All 
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cletcrntiniiti' >ns therulcjro, be made at a definite tempera 
turn, whiidi umsl. he kc]jt <'0)istant while the solution is bein^ 
|:)rep<ired. 

'Flje thermostat is an apfiamtus for this ])urpose. It con- 
sists of a v.ater-liath of sufficient majjnitude, tlse \v;iler beinj; 
ke’pt pently nio\'fn;-; l)y n'jcans of a current of air from a tulx 
let dnv.'n to the boitoni, or bj- some form of mechanical .stirrer, 
llic uanper.ituie is kejil constant by interposing;' n g’as- 
regulator l-teiurcii the gas-tap and the 

biinier. 'riuTc .irc many 'forms of regulator. L D 

A ;;!!npi<- one, Keichjivdt'V, is shown in Fig. 7. 

1 hi' hiilh (.!i inen urr is rlanmed in the bath. M h 



the dla.nrani ‘ 
the ciir\cs for 
.linost siraii^ht 
0 tin,' sfilubiiif,v 


ally by ifjcans of curves like tluise lu 
, K'carly all exhibit a rtyaular iiicn-asc, 
cliioriilc and potassium iodide bein;4 ; 
in liii: case of anhydrous soilium s\ilphat 
,i maxinnim at 33", and then dinunishes. 


Socf/um i .<?, 

’^hloriye 


ndium 


As an exarnpie, tietcmiine the soIui)iIity of potassium dirhro- 
mate; at larions temperatures, and draw the solubility curve. 
Ik'^in with a solution saturated at iSo'’--9o'', by immersing- in a 
large btniker of water. The gaK-rt;gulalor may be dispeftsed 

rgita for these curves are takfai from Comey’s Diciiotiary of 
Chemicid Soluhidiks. 
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wiRi. Dc-cant a jjorlion into Uk; wei^hing-ljoUlc, allow to cool, 
wei.ali, llien wash out into a \vei;^hecl ])orcc!ain dish, evaporate 
to dryness on the water-bath, and heat gently with the naked 
tiame until the weight is constant. Allow the remainder of the 
lujuid to coo], take off jionlons at 6o , 40', etc., and proceed as 
before. From these weights the soluljility may be calculated at 
oru’e, in gram.'^ of dry solid jkt hundred grams of water. 

CRYS’rALLI.SA'FK'iN. 

9. the al>o\'e. solubility curves it is obvious that if a 
Holiuiitn, say of pola,ssiu]ji nitrate, .saturated at 80“, and con- 
taining iin.-refore 172 grams of soiid ])er 100 grams of water, be 
cooled to 20', tlie Ii<.jui<i then retains only 31.2 grams ]>cr 100 
giams uf water. A. (juantity of nitrate therefore, 140.8 grams, 
nmsf separati; from tlie lisjuid. 'i'lsi.s separation of a dissolved 
Hui.isUincr on cooling a solution saturated at ;i liigher tCJiipera- 
turrr geum-aily lakes place in f(.irms of <iennite shape, called 
crystals, atid the proce.ss is called crystallisation. 

10. Plirificatiort Ijv crystallisation. If the original .sub- 
sta.ra:c i,:ontains a .sfiluhle impurity, this may he wholly or 
[iarlly removed l.iy i iy.stallisation. If tlie imjjurity does not 
saturaic the liquid ;il llic lower temperature, it will all remain 
in the mother liquor, and tin,’ cry.stailised substance will therc- 
fofi.- !te frtie from it. The degree of puriilcation thins depends 
on the amount and .solubility of the inijiurities, and repeated 
recry.stadlisation is sometimes necessary to obtain a pure 
product. 

In cases where a suljstance is much less soluble in the cold 
than in»the hot solvent it may ])C obtained in the form of 
very small crystals ("‘meal '') by rapidly cooling a hot saturated 
si)lntion, stirring or shaking meanwhile. 

11. Fi'actional crystallisation. In the case of two 
sub^tarH e.s of diffenuu .solul)i lilies, tlie less soluble will crystal- 
lise jlrsl, with only a small aimnint of the more .s(dulde. A 
solution, made from the }>roduc.t thus obtained, will by a second 
cryiiiailisation yield a less imjmrc .substance, 'rhe product 
should always be tested for tiie mon; .soluble substance, and if 
this is found, the process .slumld he repeated. 
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l]y fr;uli<Jiiai ( r\stul]is;Uiun, sulwlaiires having similar Sijlu- 
liiliiics iiia,y be scjiaratcd ii one is present in much Luyci 
quantil)' than the other. 

A s<'j>aration may often be elTectod liy ]jounriR oft the litjuor 
from Lite fir.-( ertm (if crystals, Itefore it has cooled to the tttm- 
neralttre til which if is s.-iturated with the second substtmee. 
The latter will then crystallise on further coolinjt, together with 
some <»f lh(’. first substtinre. 

’{’he table, of solubilities given in the tippendi.x will be found 
tisi'ful in the abovt- upertittons. 

t.'ertiiin substtmees crystallise together in the form of double 
salts, i'.y. fevnnts suljibiite with tuiimoniurn .siilphtite to form 
ferrous ammonium sulphate, Fc.S()/NII,ibbt),, + 0li»O. Such 
conipftunds cannot la.; separated Ity this nielh(jd. 

12. Isomoi'X^hism. Suh.stanccs of slrnihir chemistal consti- 
tution, having an ecpial number of aUuns in their molecules, 
and eryptallising in tlie stimc form, are termed isomoi’pliotis. 
'rbey often have cfirtain elements itt common, and show analogous 
propertie.s. Such substtinces httve also the property of mixed 
cry.st;illiH;ition, that is, the crystals separated from a solution of 
two such bodies conttiin a mixture of the isomorphous coni- 
]toutids, even when the concentrations of tlie two bodies in 
the solution differ consichtrably. Such compounds, therefore, 
cannot be separated by crystallisation. 

The law of iaomorijhism was discovered by Mitscherlich in 
tS’o, by an e.xarnination of the corresp(jnding' salts of phos- 

phoric acid, IbiPO.,, and arsenic 
acid, HjAsC).,, Examples will be 
given later, in the alums, etc. 

13. firowtli of crystals. 
By : .slow 'eyaporatibn: of the 
solvent larger tmd purer crys- 
tals, are obtained. This Biay be 
effected in a: /shallow llat-bpt- 
tomed. crystalh-sing dish (Fig. q). 
The' :small'"cry.stals fwliich 's.epa-^ 
rate first from a solution'' are 
lusually perfcrl. If such crystals arc suspended in tlic saturaf'd 
solution by a hair or silk fibre, «,)r if the\' are turned c\'ery day 
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on different faces, s(} (hat all are equally exposed to the action 
of the solution, large and jjcrfect crystals can readily be obtained, 
lit a crystalline mass, however, the individual crystals are 
usually incomplete or distorted. 


PRECIPITATION. 

14, When solufions are mixed containing two bodies which 
can, by interaction, produce another substance insoluble or 
sparingly soluble in the solvent, then, in general, this other 
substance is produced, and separates from the liquid in the form 
of a precipitate. Thus when barium chloride and sodium 
sulphate are dissolved separately in water, and the solutions 
mixed, Iiarium sulpliate is at once separatetl as a Avhite precipi- 
tate, this being practically insoluble in water. 

Precijiitaiion may take place slowly or rapidlj', and is less or 
more complete, according as the precipitated substance is more or 
!es.s .soluble in the solvent. A change in the composition of the 
solvent often brings about precipitation or rapid crystallisation, 
as, for example, in the purification of common salt (par. 28) 
by dissolving hydrochloric acid in its saturated 
aqueous solution, the addition of water to the ; 

alcohfil in the preparation of iodoform (117, 5 ; 

129 j, or the addition of alcohol in the precipitation J — 

of lead sulphate (303). The rate of precipitation f ^ 
is often increased Iw vigorous stirring or shaking 
in a tightly stoppered precipitation jar (Fig; lo). 

In all cases the solution should be constantly 
stirred while the precipitant is added, to ensure 
thorouglf mixing. A large excess of the precipi- 
tant should be a\'oided, u'hen possible, in order 
lo facilitate the subsccpient washing. 

When tiu; solulality of the precipitate is not 
tijiprei'iably increased by heating the liquid.s, it i.s 
often advisaljle (r) do this ; the I'esult is to render 
the precipitate more granular. Many precipitates 
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Fig. II. (Turiiine, etc.) 


The .small wheel a of the turbine is coupled ].)y means of 
a thill cord or rubber band to tlie wooden pullcj- in which ilic 
bent ghiss rod stirrer is firmly fixed. 


FILTR.-VnON. 

15. Ik-fore filtering riff a precipittite it is in general advi);;d>le 
to allow it, ui settle, and to filter the clear liquid first. 'J'hc )ire- 
cipittite nitiy then be washed by decantation, tliat is by 
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mixing ii. with fresli solvent and aj^ain allowing to settle, after 
boilittg if nercssary to facilitate the removal of the impurities. 

For the large quantities of litjuid em- 

ployed in pre]iai‘a.tions, a cloth bag filler 
may be used, made of stout calico and 

snp])i)rled on a wood frame. It is also — ' — / 

useful to employ a fluted filter of paper. \ / 

'fills is made by folding the paper into 8, \ 

jb, or 32 folds according to the size of \ Y 

pajier, instead of 4, and then arranging 
th(‘ folds alternately inwards and out- 
warcis. The filter is then arranged in a tZlJ if \f 

series of ridges meeting at the apex. u v I 

This ensures more rapid filtration. M 

When it is desirable to filter a hot, ' 

nearly saturated solutitm, the filter funnel 
must be ke])t hf)t to avoid crystallisation of the substance. This 
may be done l.)y placing the funnel in the hot water jacket 

(Fig. 12), passing the stem through a good 

\ / cork in the bottom of the jacket. 

\ / Filtration, may be hastened in several ways. 

\ / In analysis it often saves time to place a 

\ ■ / small fall-tube (Fig, 13) on the end of the 
\ / funnel. 'Fhis ctin easily be made by softening 
a glass tube in a large flame and then bending 
it into a complete circle. The lower straight 
piece should be six or seven inches long, the 
J ujiper one short. ' 

"I 16. Filter pumps are commonly used to 

accelerate filtration. The upper end of the 
( (w/ punij) (Fig, 14), which may be of glass or 

VI.,'/ metal, is firmly connected to the water-tap by 

means of strong pres.sure tube, secured by 
copper wire. The. water issues through the 
J narrow jet a, and at a high speed entens the 

Fis. 1-3. slightly wider upper end of the lower tube, 

' forcing the air clown this tube in its flow. 

rii(; bendings in this tul)e are intended to obstruct the back- 
ward }.)a.ssage, of a,ir. A diminished pressure is thus created 



I'RACTICAL Cl IMMISTR^' 


in ilic I'fulb of the jnmip, and m any vessel 
it I IV means uf the side tnbo. These pumps 
for va,enuin distillation, and tlie ])ressure cmi rt 
to 10-12 mm. 

'i lte jitiiiip fla.sk b shown m the diapi'am i: 
and the. lUtdmer funnel c is rviade oi porcclai 


fni-ated bottom which, is either of one piece with the funnel 
or detachable. An ordinary glass funnel may bo used, and tlte 
jierforttled porcelain plate i/ inserted. 

'f’lit' ptnforated bottom or plate is rn\-ercd with filter pajier or 
bnen, cut to the required shape. This is then nioistenccj with 
water, and pressed doum so that the edge i.s completely closc'd. 
The pump should be working slowly while this is done. To 
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stop tlio jjiimp when iBtratidn is o very from 

the pump llask, and then turn off the water. If the water is first 
lurn.ed i^ff, some may run into the pump flask on account of the 
low pressure therein. 

17. Washing precipitates. As already explained, this 
may Ije done jiartially in the precipitation vessel by decantation. 
'I'iie liquid in each washing should be run off as completely as 
])io>iirie licforc adding the next. This applies also to the final 
washing on the filter. .Suppose that in good and defective 
working respectively one-tentli and one-half of the liquid is left 
ea-'h lime \\]ien the next washing is added. Then after three 
washings the concentration of the impurity is reduced in the 
fii'nl c.'ise to t)iie-thousandt,h, in the second case to oiie-eighth 
only of its original value. 

\\1ic‘)i the material to be filtered is .soluble, as in the prcjiara- 
tion of crystallised salts, the quantity of solvent used for washing 
must of course be as small as possible. 

When the pump is being u.sed for filtration, it must not be 
at work when the washing is done. Detach the tube from 
the pump flask, add the washing liquid to the funnel, and 
gently mix it with the upper portion of the substance, taking 
care not to disturb the filter cloth. I'hen allow the liquid to 
percolate through the ma.ss by gravitation, and use the ]:)ump 
only tf) cr)mplete the draining. In this way the whole mass of 
(he material is washed by the liquid. If the pump is constantly 
» at \\t)rk, the washing litjuid is simply drawn through the muss by 
the easiest route, and tlie washing is consequently incomplete. 

^ To make the draining ofi' of the liquor as complete as possible, 
'the substance in the funnel may be pressed down by aid of a 
flattened g^iass rod, or the top of a flat glass stopper. 

ASPIRATORS. 

18. These are em))luyed for various purposes in which a 
sligiitly reduceti riressure is required, as for drawing a 
curns'il of air tlirough an apparatus or a liquid, to assist filtration, 
etc. 'I hey are of v.'irious forms, some of wliich are shown in 
tin;: diagrams. An ordinary glass bottle may be employed 
(i'ig. 15, It}, iitted witli stopper and two tube.s. Water js run 





similarly, the water being drawn off by the glass tap at the^ 
bottom. A small aspirator may be made at once by simply 
intcriing the wash-bottle (Fig, iC), and allowing the water to run 
cjifT by the short lube. A screw clip on the rubber tnlje 3 -egulatcs 
the how of the water. 

These aspirators are, however, intermittent in action, and not 
of great p<nver. The m(jst gcmerally useful, and at the same 
time tin* most powerful and continuous for oialinary laburatoia’ 
use, is the water pump already descri 1 x;d (Fig. 14). 

By moans of the water pum]) also, a current of air under 
increased pressure may be obtained, - The arrangement is shown 
in Fig. 37, Water and air together are forced into the bottle by 


EVAPORATION 



the i)iini[». 'J'Jie w;iter is nm offatthebottom, and the compressed 
air escapes by the side tube at the top of the bottle. This 


ciiricnt of air can be made powerful enough to work an oi'dinary 


. E\’’Ar'ORATION. 

in many ca.ses a liquid may be evaporated by boiling it 
o])en ves.sel, ]>referahly one which gives the liquid a large 
e, without dcti-iment to, or loss of, the dis.solvcd substance, 
lain dishes are u.sually employed for this j)urpose. 

.point ion may also be rarriecl on more slowly, by heating 
teajn-bath. A simple .slcam-bath may be made by boiling 
in a h.eaker, and placiiig the dish containing the liquid on 
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■ lise ol' t!if Ic-rt i-. t’onlinucd in the upright iron rod, on which a 
C!.uii[) ni;!\ iM- li(,'!d I'or tin- support of a reflux condenser. 


li', nporaijon rnny nlso l:)c carried on by distillation, with con- 
di.-nsaiii.in ot rtie scrlvent if tills is of value, 

W’lien it is desirabie to ev:ij.)orate a liquid rapidly without 
■niin h increase of tcinperaturc, this maybe done by distillation 
under dirniuisla il jii:'-..sinv, at ilie ordinary temperature or a little 
loer if. Ju t/ii', ease the liquid is contained in a strong-, round- 
■'oitorned tlacp, ari'.l a tuhe drawn to a fine capillary passes into 
iiio iiijihd,. !' or re., ei'rer a distilling flask or jiuinp flask is 
taio i-i, and tlii;.-. i,-; e;,]-,;jii^!rd by the pump, with an interposed 
(•ni|i!y I.ottie in ea.-.- of at cident from a back-flow ofv.ater. '.I’iie 
■ apjiiary aldV.e rfisiTed to admits a stream of minute air- 
bnijlili-'-. tiiron;.'!’. il'ic liquid, which .secures regular boiling, 

'ihe \ .i.'iiiini dc:-!e.',uoi- : f''ig-s. tq, ;to), may also lie used .for 
nqnd C'\ aiioration at the ordinary temperature. 

.DRYING. ■ 


20. DeBicctitors. de-siccator is a vessel in wltich a dry 
.-.itmosjiiierc can be maintained, and which can be made gas-tight. 



t'ig. JO- 


I.t is employed lor n vtiriei}- of pttrposes. Crucibles are allowed 
to cool, before, weighing, in llte desiccator; weighing bottle."; 
: ti.f-.C. It 



tf; PRACTICAL 

\ i\an-r bJilh, strictly regarde<l, is one in which the vessel m 
i„- iuMted is immersed in the water. -Such baths are .. ten 
en.piuyed, as c,?'. in determining solubilities as dc-senbed earlier. 
l!ul dm term is also applied to all kinds of .steam-baths in which 
the steam is generated irom water in the same batli. 



One of the mo.st convenient forms of such wtiter-balhs for the 
working bench is shown in Fig. ill. As indicated in the diti- 
grain, the amount of water required is small, and this tidtuits 
of rapid heating. Tlte constant-level itrrangeincnl at the side 
obviate-., the risk of boiling to drync.s.s. A series of conccntric 
rings of copper or porcelain on the mouth of the bath makes 
possible the accommodation of vessels ot tlifferenl sizes. Lastly, 



DESICCATORS. 



niic of ili<- Ic.^" is ciintimied in the upright iron rod, on which a 
j in;iy I w iif itl for the support of a reflux condenser. 

Evaporation may also be carried on by distiliation, with con- 
densation of the solvent if this is of value. 

When it is tlcsirahle to evaporate a licpiid rapidly without 
sini/'h im reuse of temperature, this maybe done by di.stillation 
niuk-r (bniinisiied jn essure, at the ordinary temperature or a little 
o'.er it. In this car,e ilie liquid is contained in a .strong', round- 
bottomed flask, and a tube drawn to a fine capillary passes into 
the liijuid. Fur receiver a distilling flask or pump flask is 
taken, and thii is exliausted by the pump, with an interposed 
enijity !j!)tl!e in i asi“ of accident from a back-flow of water. The 
capib.iry aljilve referred to admits a .stream of minute air- 
bubbles through the liquid, wliich secures regular Iroiling, 

'fhe vacuum desiccator (Figs. 19, 20), may also be used for 
rapid evajioratiou at tlic ordinary temperature. 


DRYINC 


20 . Desiccators. A desiccator is a vessel in which a dry 
atmosphere can be. maintained, and which can be made gas-tight. 


ll i‘i c)np]o\ f;d fur a variety of purposes. Crucibles are allowed 
to coo], Iwforc weighing, in the desiccator; weighing bottles 
li.P.C. I! 
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rnntainijig' .substances for analysis may be kept therein ; crystals 
iis'ic be dried, cm liquids evaporated, c.specially in the vacuum 
rbrm of ai>paratus. Two forms arc .shown in Kiy. it^, and a 
third in Fiy. 20. The drying agent, sulphuric acid, nutli or 
ivitlicmt pumice, or anhydrous calcium chloride, is placed in the 
lower of the vessel. Calcium chloride is preferahle to a 
licjuid, in an apjKiratus which ha.s to be carried to and fro, and 
fur tac'iunu desiccators sulphuric acid should not be used. Ihe 


undei edge of the cover is slightly greased. The bell-jar 
(Fig. 20) has the hnver rim well ground, and stands on a thick 
grtnind gkiss ])late. The drying agent is placed in sJie porce- 
L'lin trough, on which a dish or crucible may be laid. The 
bc:ll-jar is closed by a stopper and glass ttip, so that, like 
k’ig. 20, it may be e.xhausted, and the taj) then closed. 
A gooil vacuum desiccator sliould preserve the vacuum ftn- 
stn'cral days, hut this .should be tc.stecl, tind the exhaustion 
repetticd. 

I’he drying of a solid substance may be assisted greatly 
In* spreading it on a porons clay plate, especially if it 1)0 
finely divided and retentive of moisture. The clay absoibs tlu? 
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water siowly ; tlie e.irj.irit,; iiKiy be birtlier acceicrntcd by placing 
tlse plate in the \'a.cuum desiccator. 

21 . Ovens. drying rd higlir-]- temperatures, water, 

steam er b.ot-air oscns ;ire ernijloyed. '[’he con.striu.tion of a 
walcr-o\'en is shown, partly in .section, in Fig. 2i. it consists 
of n, donlrlov.'aliedi box, lusually made of i:uj>per, the v.’atcr being 
contained in the .space between the w.ills. The glass gauge at 



Fig. 2T, 


the side slunvs the level of vrater. A constant-level device may 
also'be fitted... 

I'he steam oven is of .similar construction, the steam circu- 
lating through ihe space Iretween the inner :nid outer walls. A 
niimbei- of th.e.se co rns are generally built together, the steam- 
spact' sunounding each compmlment. 

For lem])rralur(‘H below or tihove loo^ similar ovens may be 
usc'd, with Oliver liquids, or htvt air may be c.ircnlaled through 
the walls. 

The air-oven iFig. 22; need be only a simple Ivox, and is made 
of sheet vtopper or iron, 'fhe outside is sometimes covered 





rRACTICAL ClIKM IS'i'RV. 


V, i(h a.slji'^tus hoard to diminish the loss of h('a1. A tliornio- 
oieter is inserted in the toj), and the lempevattire may be kepi 
eonstanl if desired by using' a thornio-regulator such as that 
already drsci'ibed (Fig. 7 , |>ar. 7). 

(b'eat care must be exercised in the drying of all sub.stances 
rvhich lire affected by heat, as, rye'"- J^^dts containing uater of 


crystallisation. Such liotlles must, in general, be tlried a,t a low 
temperature. 

22. The drying of gases. The operations of washing and 
diving g.ises are eontinually used in th(‘ laboratory, the general 
pttxedure being to bubble the gas through the liiiuids in 
wasb-hotlles. An rirdinary bottle fitted as shown in Fig. a 3 , a, 
will .serve for thi.s purpose. A gr(.)und-in top carrying the two 
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(Fig. 23, //), which is all of glass and in one piece. The 
tube i.s widened inside, so that in the event of a bach 

the liquid cannot reach the ii])per part 

of the tube. 

\^h)t(n• inay be used for remo\'ing sol- cr 

uble iinjairitie.s from gas(;s which are 
themselves s))aringly soluljle in water. 

If tlui is s(j|ublc ijj water, its satu- 
rated solution may be cmjiloycd to wasli 
it. fbji- tlrying, sulphuric acid is genc- 
raliy useful. I \ 

'I'o cn.sui-c efficient washing or drying, — 

howc\er, it is Jiot enough to use wash- * 

bottles in tliis inanucr. The gas should be passed 
large U- tubes fFig. 2..t) which are filled with chip.s of 
fw glass beacl.s, drenched with ^^■aler for washing, 
suljjliuric fii.'iti irjr drying, balidum chloride may 



PRACTICAL rni-:>i LSTR^■ 


iiir nryin^; most j,mses. I' or aimnoma, cai 
(.[liit k-limc in small pioocs is used, and thcsr 
iri the eprouvotte (Fig. 25), testing on the. 


plate. For the most complete drying pho.sphorus pentoxide 
is iised, and should be dusted over the glass beads in the 
U-tube, so that the jtassage does not become stopped by the 
pasty metaphosphoric acid. 




■ ■ , SECTION 1. 

'■^PREPARATIONS. .A'c':; 

, INSTRUCTIONS TO STUDENTS. 

(rtHiuiiencing ti iireparation make certain that you 
inhU'r.struid tlie reactions involved. Read carefully through the 
whole of the instructions, and if anything jis not clear, have it 
expltiined before proceeding. The quantities pf materials to Ire 
used are in most cases given. Compare them with the formula 
weights, and if the proportions do not agree, that is, if an 
e.Kcess of one or other material i.s employed, line! out why this 
is .so. 

In (;a.ses where an apparatus lias to be de\’i.secl, or put 
together from a description in the text, make a drawing of the 
ri]3paratus you propose to use, and submit it for approval. 
Wlien the ajiparatus has Ireen fitted iqi, do not commence the 
exjjerinioni until it has been examined and ajiproved liy the 
icaclier. In all cases follow cai'efuliy the inslruction.s given. 

Enter all work in the note-book at the lime of ohservtition, 
iciivirig riothing to be \'.Titten up afterwards from memory. If 
your olrservations do not agree with the text, mtikc a note of 
the fact. Weigh tdl finished product.s, and note the amount in 
your book. Calculate wlienn-cr possible the tlieon.-lical yield of 
product from tlie quantity of the original sulisttmce u.sed, and 
dedti(i‘ the ]H'rci‘ntag(' of lie' theonuical yield olitained in your 
c\periuienl. Make a noti', so far as you ran, of reasons for the 
deficiency. 

Ihd'ore ihniwiiig :iw;iy any liquors or residues, consider care- 
fully wliether you can make any further use of tlicm. 
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A. INORGANIC {.'OAirOUNnS. 

thp: alums. 

23. The alums have the general formula 

lusOj. 

tthfir R i.s a monovalent elrnuml or group and M may be 
either nluminiuni, iron, rlirfsmimu, manganese, <;tc. The alums 
an- all isomorjihous. 

Cryistallisation of Potash Altim, 

IGSOj. AlySCtjL, xi I 

Weigh out 200 grams of potash alum, dissolve iu water, niter 
if necessary and allow to cool. If crystals .sepanite on cooling, 
add water to dissolve tliein. Allow the solution to stand in a 
large crystallising dish (Fig. 9 ), covering the dish with a sheet 
of paper to protect the solutif>n from dust. From the crystals 
first formed pick out those free from adhering crystals. Transfer 
the clear solution to a similar dish, place the selected crystals 
in it and allow them to grow. Each day if necessary remove 
the .selected crystals and place in the clear solution as before, 
after rcdis.solving- any .smaller crystals which may ha\-e separated. 
The crystals will bo octahedral in shape, but unless turned 
(par, 13} on different faces, to allow each face llte same oppor- 
tunity to grow, irregular octahedni will be obtained. 

Ehe 200 grams of alum may be replaced by molecular pro- 
portions of potassium sulphate, K^SO^, and aluminium sulphate, 
A}ySfj.jL. iHli.O, r 

9‘5 .grams of peUash alum dis.solve in 100 grams of n-ater 
at to'' C. 

Ahmi IS chiefly used as an aluminium mordant in dyeing. 

Crj^stallisa-tion of Chrome Alum. 

KNU,5 .UrAS 0 .,:.,. 24 n,; 0 . 

The solution t/btamed in the preparation of aldehyde ttiriy be 
U-sed (par, 120 ;, or one jnepared by pas.slng sulphur di<jxide into 


lAl 
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a so!nti(tn of 51'; grams of potassium dichromate and 20 grams of 
siiiphuric acid in one litre of water, until the reduction is com- 
picse. 'Hie temperature should not exceed 60-70“ G. during the 
rcdiKiion and subsequent crystallisation. Otherwise the alum 
is ol)tained in the green modification, which is more soluble and 
more difficuli to crystallise. The crystals are obtained as in 
il)f- j)ri-vious [ir(q)aration. They are isomorphous with those of 
poiasli alum icajinpare them) and crystals of either substance, 
uhtai ])lac(.'d in a solution of the other, will continue to grow 
(par. 12). „ 

K.Cr,,OH-hh-S04 + 3SOi;=KTSO,,H-Cro(SO,,Y5+}l.jO. 

The crystals of chrome alum are deej) violet in colour, and 
are efilorescent. They melt in their water of crystallisation 
. at 89° C. ' ; 

( hrome alum is used as a chrome mordant, and in chrome 
tanning. 

Ferrous Ammonium Sulphate. 

FeS0,i.(NH4).^S04.6H20. 

24 , Dilute 50 c.cs. of concentrated sulphuric acid to 200 c.cs,, 
pouring the acid into the water in small quantities at a time. 
The mixture should be continually shaken. Divide the solution 
into two equal parts. Neutralise one part with ammonium 
hydrate, boiling to expel any excess of ammonia, and n-aimi the 
other with iron filings (in the fume cupboard) till no more iron 
will dissolve. Filter the solutions into the same cry.stallising 
dish, adtl a few ccs. of dilute sulphuric acid to keep the solution 
dear and prc\-ent the formation of basic sulphate of iron, and 
allow to crystallise. 

• ^ H,SO.,-i-2XH.,OlI:r.,NH4}oSO.j-|-2l-DO. 

I-DSO, + Fe-FeS( Vl-H.. 

'rho substance may be purified by recrystalli.sation. 

Molecular proportions of ferrous sulphate, FcSO.j.yhDO, and 
ammonium sulphate, may he used. 

I'Vrrous ammonium suljihate cry.stailises in transparent bluish- 
gremi monoidinic crystals, and, being stable in the air, is used 
for the .standardisation of sfdutions used in the volumetric 
<'.''timali(m oi iron. 17-5 grs. of tiie salt di.s.solve in ](X> grs. of 
w.'iter at 1 2“ C. 


r 
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Iron Alum. 

K^SO.!. Kc.,(S( 24 HoO. 

25. \Vei;4h duI one niukcular proportion of potassium sulphate 
and tvoi of ferrous sulphate, dissolve in water, liher into the 
same e\aj)onuin^- dish, add 6 c.cs. of strong sulphuric acid and 
4 of htnin;^ nitric: acid. Bcjil until the solution which is at 
tirsi brown (see explanation of bmv.n ring- test) bec'omes jtale 
yellow. I'ivaporate to saturation point and rrystaHi.se; at a low 
tempc'rature. 

61o-S( f 3 1 ! -N 0;i+ 3 1 loSO,j - 3 Fe.dSt )p.;; + 4 1-1 A 1 + :: N t ). 

Iron alum crystals are i.^oiiiorphous with tho.se of the other 
ahnnis. They are ttf a jtale violet colour, and when exposed to 
dry rtir etiloresce and form a btisic salt of iron. The substance 
is chietlv u.sed as an iron mordant. 


Nickel Potassium Sitlphate. 

NiSOj , KgSO^ . 6H.0 ; 

and Copper Ammonium Sulphate. 

Cu.S 0 .j,(NH,,)aS 04 . 6 Hp. 

26. Prepare these .salts from molecular proportions of the 
sulphates and coiTij.)are the crystals with each other and with 
those of ferrous ammonium sulphate. 


Potassium Nitrate. 

KNO;,. 

27. Wc'iph out molecular proportions of potassium chloride, 
KCl, and sodium nitrate, NaNO^, dissolve the mixturerhiboilinfit 
water, evaporate till crystals of sodium chloride bepin to settle 
(>ul, iilter liot and allow to cool. Crystals of potassium nitrate 
form a-ml may be ijurified by recrystallisation. The mother 
liquor should be evaporated for a second c’rop of ])olas.sium 
nitrate crystals. 

KCl + NaN O;, = KN ( \ + Nad. 

As Chili .saltpetre contains cltlorides, bromides, iodickxs and 
sulphates of sodium and magnesium with traces of iron s.aks, it 
should first bo purified, or a pure sodium nitrate used. 


I'li K FA RAI'I OTs’S— INORC. AA’ IC. 


27 


The student should note the following- solubilites : 



At 1.5''' C.,^ ■ 



At joo" C 

KNOy - 

- 26*2 

- 


- 247 

KCl " - 

33*4 


.. 

S9 

NaCl - 

^ 35-9 

- 

- 

,39 

NaNOa ^ 

r- 

'^0 5 

- 

- 

180 


Potassium nitrate crystallises in long' rhombiG prisms. It 
is largely used in pyrotechnics, in making' gunpowder and ' 

other cwplosives, and in the laboratory as an oxidising agent. 

Pi-irification of Common Salt. 

28 . .Make 500 c.cs. of a saturated solution of coinrnou salt in 
water. Place the clear solution in a wide beaker and pass in 
hydrochloric acid gas. Owing t(j the great solubility of the gas 
in vvater, the liquid must be prcn cntod from ru.shing back into 

the g^eneralor. i 

'Flii-s may be efi'ectcd by delivering the ga.s from tlie mouth nt f 

an inverted funnel dipping' just below the surface of tlie licjuid. |j 

Sodium cliloride is {.irecipitated owing to its slight solubility in a 
strong- .solution of hydrochloric acid, but magnesium chloride, 
tire diicf iinjuirity, is much more soluble and is rurt pre- 
cipitated. 

Filter by suction, wash with pure concentrated liyclrochloric 
acid, partially di-y with filter paper, then in the air oven, and 
finally by heating in a ])orcclain di.sh, to remove the last traces 
of hydrochloric acid. 

Pm-ification of Oxalic Acid. 

29 . 'fhe commcrdal oxalic acid contains oxalates. Place 
50 c.c:s. of hydrochloric acid in a porcelain di.sh, dilute with 
water, heat, [ind add loo grs. of oxalic acid in small portions, 
stirring all the time till the .solution is saturated. Allow to 
.settle while kept warm on tlie steam-bath. I'our off the clear- 
liquid and cool rajiidlv. Killer, wash with ce/i'f water, redissolvo, 
filter if nc’ce.ssary and allow to rrystallise slowly. Drain the 
cry.stals at the pump and dry in a desiccator. 
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i'HlCiWKA'riON OF Tlit GASES REQUIRED iE 
SURSF'.QUENr EXPERIMENTS. 

Ffir the experiments involving the use of a gas, a constant 
stream will be rf<juired. 'fiie following methods will be found 
conveniefit. 

Oliloriiie. 

30 . The liquid diKwine now supplied in cylinders by most 
dealers is a couvenienl stjurci; uf llie gas when large quantities are 
required. 'Phe gas may be obtained from common salt as follows : 

In a flask of f.l litres capacity titled with a good cork, safety 
funnel and di'llvcry tuli<-, place a sold niixuiri- of i to e.rs. wattu' 
ami 150 c.cs. strong sulpburie acid. To this tidd an intimate 
mixture of i.?o grams i:ommon salt with rm equal weight of 
powdered mangimese dioxide. There is no action in the cold, 
hut on warming the mixture on a .sand-biith or in a water-bath a 
slow and lumtinuoiis stream of ehlorine is evolved. The gas 
■'houid he washed with water to free from hydrochloric acid, 
ami !u;u' be dried if necessary by ])as.sing through sulphuric 
acid. (See par. 22 .) 

■J'he abo’.e <|uam,itic.s will give about 20 litres of chlorine. In 
e.ises whn-e m<xisured quantities are required, the student 
should '-dlculate ihiO amount.s to be used. 

2Nar.l f MnCE-i- 2I L.SO,;- Na.SO. + Mn.SO,j-h 2HT.) + CL. 

Clilorine may also Ire tdtlained readily from a mixture of 
stnuig hydrocliloric acid and granular manganc.se dio.xicle, or 
cotirsely powdered potassium dichromate, heated on wire gauze 
over u small tiame. By regulating the flame the gat?, may be 
obtained at the requisite speed. 

AlnO, E.tH(:i- AlnCloT 2H0O d- CL,. 

K.CyJ ).. f i.|I I C'l 2KC! + Cr.,Cl,i + 7 H/) -!- 3CI,. 

FfU" another method .-,cc the preparation uf sodium hypo- 
chlorite iqiar. 38 ;. 

Hydrogen. 

31 , .A Kipps genendor is i barged with commercial granulated 
zinc, ami a mixture of ecjual \olumes of strong hydrodflorie acid 
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;nv.l water, or u cold inixturo of one volume of strong stilpliurir 
acid with two volumes of water. 

The gas liberated by ordinary zinc contams small quantities 
of arseniuretted hydrogen. This may be obviated to some 
extent by using platinised or coppered zinc, preferably that free 
from arsenic and antimony. 

The ordinary gas may be purified' by washing through 
])oias3ium permanganate to remove arsenic and antimony (fait 
this introduces slight traces of oxygen), then through caustic 
soda or potash to remove acids, and finally dried by passing 
through a sulphuric acid or calcium chloride tube. 

Hydrocliloric Acid. 

32. A Kipp’s generator with lumps of rock salt or fused 
common salt and concentrated sulphuric acid is convenient, and 
supplies the gas practically pure and dry. 

The gas may also be olrtained from common salt, using an 
apparatus similar to that described for the pi'cparation of 
chlorine. The salt is covered with a cold mixture of sulphuric 
acid and water in the proportion used for chlorine. No gas is 
evolved in the cold, but on warming gently a continuous stream 
of the gas is produced. This may be dried in a sulphuric acid 
tube, or with calcium chloride. 

Ammonia. • 

33. The gas may be obtained ])ure by heating a mixture of 
pure ammonium chloride and lime. For most purposes it may 
be obtained sufficiently pure by warming the strong aqueou.s 
solution in a small flask, and drying in a lime tower (Fig. 25 ). 
If miu h gas is to be prepared a preliminary partial drying may 
Ijc effec:lcd by jtasslng the gas through a srn.all quantity of the 
strong aqueous solution contained in a wash-bottle cooled by 
iccand' salt."' ■ 




Carbon Dioxide. 

34. Cliip.s of niarbic, and hydrot;hloric acid diluted tvith 
an equal volume of water, form the most convenient source of 
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the y<i 
for usi 
cliiori' 

at it. 


A Kij-’p's apparatus is usually kc'pt (;ha,l■,^■cd and ready 
'I'ho .ua.s should be waslied in i\'a.ler to free from hydro- 
acid, and may be dried by passing tltroug-h sul])huric 


Snnill ipianlities of the gas may also be made by heating 
sodium l.iicarhonate or magnesium carbonate. 


Carbon Monoxide. 


30 . Wlam fonuie and or oxalic acid is heated with strong 
suljjiunie acid, carbon monoxide is evolved, in the latter case 
mlxetl witii an e(|ual \-olume of carbon dio.xide. 

H.C<)tAH:=-H./) + CO. 

(Cbujli\, ) + C(>d-CO... 


f. In a 'anall distilling flask heat some concenlratod sul])huric 
acid, and allow formic acid to drop slowly in from ti ttip- 
fimnel. 

,3. Frr»m oxalic acid the gas may be obtained by heating 
50 grams crystallised o.xalie tidd with enough .strong sul- 
[ilnirir acid to cover it. The carbon dioxide is remov-ed by 
passing the evolved gases through a strong solution of caustic 
potash, 

3. Potassium ferrocyanide also gives carbon monoxide when 
hettted with strong .sulphuric acid. 

KjFeC„N,5+6H«S0^+6H.,0 

- 2K2SO, + 3 (NH,(),S 04 -l^FeSOi+ 6 CO. 
Cover the. [lowdercd fc^rrocyanide in a .small flask tvith strong 
sul)>!iurif: acid, and heat over wire ganice. The action is easily 
rtigulaied, and the .supply of gas may be stopped by cdoling the 
fla.sk. 

The gas should be washed in a strong solution of caustic soda 
or potash, and may be dried with sulphuric acid or calcium 
chkiilde. 


A 


Siilplinr Dioxide. 

38 - The liquid sulphur dioxide supplied in syphons is very pure. 
If this is not available the gas may be conveniently prepared 
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])y druppiny coni'cuirau.'.f.l sulphuric acid from a tap-fimncl on 
to a quantity (jf solid sodium bisulphite or of the commercial 
bisiiipijite solution, contained in a bottle or flask. Sulphur 
dioxide gas is immediately liberated, and may be dried, if 
necessary, by means of sulphuric acid. . 


Snlpliiiretted Hydrogen. : 

37. Ferrous sulphide is readily decomposed by dilute hydro- 
chloric or sulf)hu! i!: acid, liberating sulphuretted hydrogen. The 
ga.s inay hie geueratecr in a Kipp’s apparatus. Hydrochhtrii: 
acid i equal eolumes of acid and water) is preferable to sulphuric 
a.t.id, as ferrous chloride is more soluble than the stilphate, ;ind 
there i.-i thierofore less risk of the salt crystallisiiig and blocking 
the apparatus. The gas .should be. washed with water to re- 
!!in\e hydroehloric acid. 

Since sulpliide of inn i often contains particles of free iron, the 
gas obtained in this way contain.s a little hydrogen. For ordi- 
nary purposes, liowi.o cr, this is nut objectionable. 

Many forms of a])i!araUis are employed for the prcptiralion of 
sulphuretted hydrogen. .Any apparatus used for hydrogen or 
c.arbotiic aeid guts, such as a. WoulliPs bottle with thistle funnel 
and deli\'cry tube, will also serve for the preparation of sul- 
phuretted hydrogen. When a large quantity of the gas is 
required, this may be made by using two large bottle.s connected- 
with ea!:h tilher by mc-ans of ctioutchouc tubing passing lieiween 
tubulures at the bottom, one bottle containing sulphide and the 
other the acid. The .acid l.Kjtfle is raised or lowered when 
nece.ssat');. 

in most forms of goner, nor tlie acid is largely wasted, ptirtly 
bccau.so of the imperfect arrangement for mixing tlie acid, as in 
the Kipjfs generator, and also because the acid when nearly 
neutraliscal c('ases to ;tci .sufflcicntlv rapidly on the .sulphide. 
It therelore )i,a.s to bt; renewed before it is e.xhau.sted. 'I’o 
obviate this, the method uKty be used of dropping the acid 
.slowly on to the .sulphide contained in a tall glass Unver, 
ik.'ltire the liquid naaches the bottom of the column of sulphide 
the acid is in general alm!»st completely neutralised. 


I'R.-UTICAL rilKMISTRY. 




PRl-:rAKAT!(.)X (JF VARIOUS UOMFOUNDS P.V THE 

UniEUT ACTKJN of UllLORTNE. 

Sodhim HypocliloriteU 
NaOCl. 

S8. Whf>n f.'hloriiie yas is ]3assed into a cold solution of 
caustic potash or soda, a mixture of ciiloride and hypochlorite 
is obtained. , 

.UsaCHl F (.T- NaCi FNat.x;] -f H./). 

Tlie rea<lioii is qnantitati\'e, and can be employed to prepare 
solutions coutaininy (Iffiiiite amounts of the hypochlorite. 

The chlorine uiay Ijc [jn'jjaretl Ijylhc action of yiotassium y.ier- 
maii.i'anate on hydrochloric arid. 

Wh-iyli out 25 prams potassium permanganate and place in a 
iialf litre il!-..ti!]irii> llask lilted with a tap funnel. Ari'anpe to 
pass the chlorine pas first through a wash bottle with water to 
fret? from hydnichloric acid, and then into a solution of 50 gT.s. 
carislif in 400 -water, contained in a bottle surrounded 
Isy ii'c fliat the tcinpcrat.ure may be kepit below 5 C. To the 
jiei rnimgaviate add slonly 150-170 c.c.s. strong hydrochktric acid 
by means of the tap funnel. The reaction is at first instan- 
taneous, cidorinc being evolved, but towards tlie end the liquid 
should be lieated until all the j)ennanganate is reduced and no 
rnure cliiorine is obtainedi. 

cKCl -I- clMnCl-H- Sli.O -F 5CI.,. 

The I'ldi trine is coiniilelely absorbed Vw the soda. Now make 
the solution of hypochlorite up to 500 c.cs.; calculate the quantity 
of hypochlorite contained therein, and estimate the amount by 
tl)e nunhoci -iven in par- 275 . If the experiment has fbeon n-ell 
conducted, yiractically the theoretical amount will be found. 

Potassium Chlorate. 

KCIO... 

-^ 39 . Uhloi'ine gas aids differently on hot solutions of caustic 
alkalie-,, producing a mixture of rhlnrate and chloride. 

61 x 011 F jUl,, -- 5 KCl + KC 10 ,;-f 31-hdJ. 

ri.jrad«, Jh^rkhic 35, 2753 (190a). 
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i);ssol\'n 51) ;;v;i!ns f.iuHiic poiash in 250 c.cs, walor in a half- 
iilrc hr.ikt-r, and in-, it tm a sand-bath to 65°-75" C. throughout 
die t‘N])( riaicut. i’ass in ddorine gas prepared by one of the 
ruti]i'«ds gisf-'U. u-ung a little more than the quantities of 
material v\l)ie]i will .supply the necessary chlorine. The gas 
sliwuld 1 h' wa.dieci in water to reino\-e hydrochloric acid, and is 
iairodufed into the alkali by means of an inverted funnel just 
toui hing the lurfuce of the st)!iiiiun. When the reaction is over, 
fiii r the solution if necessary, ami evaporate slowly to about 
ido-i“u c.rs. On cooling, ])olassium cliloratc will crystallise, but 
li'.e . Idoride v. ill remnin in solution. Kilter ;it the pump, wash 
die < rystals tuice uilli small c[uantitics of cold water, and set 
aside to dry. Concentrate tlie Jiltrale further, and examine 
each crijp of crystals for chlorate and chloride. Yield of 
chlorate, 10-15 

Potassium chlorate crystallises from water in colourless trans- 
]iarent monoclinic t;ible.s. These melt at 334” C., and begin to 
decompose at 353', evolving oxygen. The salt is largely used 
ff)r the preparation of oxygen, and generally as an oxidising 
agent. 

Potassium Chloride. 

KCl. 

40 . The later crystalline separations obtained in the above 
experiment, consisting of chloride and chlorate, may be re- 
crystallised together, and pure chloride obtained. This 
crystallises in cubes, like sodium chloride. It is largely used 
for the manufacture of other potassium salts. 

* Potassium Perchlorate. 

KClOj. 

41 . [dace 25 grams of pure potassium chlorate in a porcelain 
dish, and heat rarefully on a. .sand-bath, stirring con.stantly until 
the melted chlorate just begins to solidify. When a small 
sample of the Mubstance, wanned with hydrochloric acid, gives 
off little or no chlorine, the reaction is eompletc. 


4KC10;,-3KaO4-KKCl. 
3KCI O3 kci O4 + KCl + On. 
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to ; 4 i'in('l ibc* ntarfs in u niortiu" ^vil;h u little ^^ntel to 
irnun-c most of tlie cliloriiio, p*)nr off this li<[ul(l mid warm the 
residue with a little hvdruciilori.,; acid to decompose an\- im- 
r]e!it‘-('d chlorate. Filter ai the pnm]>, wasli with, a htlle cold 
water, and crysta.llise the residue of pierdilorate from Jrot 
water. l"ht? salt separates in small rhombic cry.stals. Yield, 

10-12' grs. . 

Vicati'd the I'ierelilorate liccomposcs into oxygen and 

potassium -chluridf;. 

Anliydrous Ferric Cliloride. 

FeCl.. 

43. A piece of combustion lnb(‘ about to inches long is 
fitted at each end with a I'ork c.arrying a tube,^ so that dry 
(jiioriiu' gas may be pas^efi through, the e.vcess being absorbed 
in cau-ilic :ioda.. A port'clam boat is tilled with iron filings tree 
fiom paav ib> w.ii-hing nith bemiene if necesstuy), and inserted 
in the ('omlmslion tube near to the end at which the thloiiiiC 
enlers, 'I'he iron is heated to dull redne.ss in tne stream of dry 
gU', and anliydrou.s ferric chloridi' sublimes on to the cool part 
of ih.o tube tmei is there de)K)sited in dark brown liexagomd 
jiliites, whi<-]) have :i metallic lustre and appear red by trams- 
nf.tted light. The cry.stals are deliquescent and c.asily soluble in 
water, idcoliol and ether. They shonkl ha trtmsferred to a tube 
and scaled up. 

Aluminium Ohlorided 

AlCl;.. 

43. -Arrange an ap]>aratus similar to that nsed'ff'or ferric 
( liloride, but use a longer comlmstion tube, and heat in a 
sin.'tll furn;u:e ('Kig. 261. The lube i.s charged with crii')i>ings 
of alnniiniiun foil, iind the chloride, which is very hygroscopic, 
mould b(' sublimed directly into a dry bottle, into whicli the 
end of the combustion tube i.s inserted through a gas-tight 
cork, iitid from wliich llie excess of chlorine is condurted to an 
absorber. 

iGattermann, Praduat Mcihods of Organic Chejnistry. 
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I in c iilurinniuni chloride forms colourless crystals. 

Hif M nninci CKsi i;, oiU’n yellow, oiviri!;'' to adniixlurc of 

ierru' cliloritie. 'rho cliloridc absorbs vrater vaijour, and is 


Fig., a6. 

s.oluble in alcoliol and ether. Jt itiay also be olivaincd by 
strongly heating a mixture of alumina and carbon in chlorine 

gas, as described below for chromium chloride. 

Chromic Cliiorid©. 

CrCl;j. 

44, U.se the same apparatus as for aluminium chloride, but 

Without the bottle as receiver, Grind up 5-10 grams of chromium 
sesquioxide and an equal weight of starch into a thick paste with 
a little cold water. Mould this into balls of the .size of peas, dry 
these cartdully and heat on an iron tray until starch is com- 
pletely charred. Transfer to the combustion tube, and heat to 
redne.'^s in the stream of dry chlorine. Chromic chloride is 
obtained jn bcaulilul violet scales, almo.st insoluble in cold 
water. ' ■ ■■ ■ 

Stannic Chloride. 

,SnC!,. 

45, In a \^■ide glass fulje about a foot long and closed at one 
tmd, tit an upriglji condenser and a delivery tube, hill the wide 
tube with granulated tm, and pass in dry chlorine gas. The 
delitesy tube should re;t( h at lirsl to the bottom, and should be 
withdrawn as the liquid tin chloride forms, so that the end just 






.. r'. 




i ’K A( .'TTf' AL <"A I EM T STR^■ 


dijis inlii the liquid \\'’huu nearly 
rlilorido, iHtiir the liquid into ;i. {li- 
the portion hoiling at ii8'i22'’C. 
Tin Krtni'.dit trick; is ;i colourless, 

Sj-). 541’. 2-23.j lit 35’- B. l-’L. 120" C. 
with watc-r, of which the (Tvstalline 
is nscil as ;i inonlant in dyeinjf. 


46 . I'lacc 10 qi-fiius amorphous phosphorus in a small retort. 
luMM't the slt'iri tlirouqii a good cork into a distilling flask a 
rec{uu-r, and 011 the side; tube of this, place a small cakium 
dilovidf' tulie, l-’rom this leadia tube to an absorber for the 
esci^sb ol chloriut'. 

bass tiry chlorine gas o\er the phos];linriis, and heat this 
gently on a sand-batli. if any solid pentachloride is formed, 

a o raise the delivery tube further from the phos- 

5{ ) phorus. The receiver should be kept cool 

\ / ill a vessel of water. Redistil the trichloride, 
keeping out moisture in a similar manner, 
j Phosphorus trichloride forms a colour- 

)/ less, fuming liquid ; spec. grav. I‘6 t 3 at 0° C. 

^ ^ U vapour is very irritating 

r - •] h and poisonejus. 


1 Phosphorus Pentachloride.^ 

I i’Qv 

47 . Fit up an apparatus iike that shown 
in Fig. 27. Through the up])cr delivery 
tulie dry chlorine is admitted, the excess 
1 leaving by tin; Imvcr tube, which is pro- 

U tected from moisture by a calcium cliloride 

— ..... lube. Phosphorus trichloride is introduced, 

tug. ay- centimetres at a time, from tlie 

tap-funnel, and when die pcntac'hloridc; formed appears quite dry, 

1 Gaiterniaiin, Praclical Mi'thods of Organic Chemistry. 
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tiic ro:iclion is o'.cr. 'Thus any desired miantily may be 
jimijiaivd ; tlic chloritn' delivery tube is raised to keep dear of 
tl’i.e praOuiriiloride, and if ii(;cc5sary it may be cleared by means 
of tlie jdass rod jiro\-i!.i(.'(]. Preserve in the same bottle, well 
stoppered. Yield, quantitative. 

Snlphttr Monocliloride. 

. S,CD. ■■ 

48. The ap{>;u';tlns iiseil for ])reparing phosphorus triehloride 
may al'-o ])e used for this substance. In the retort place 20 
i.rauis dry sulj/hiir, Icarl in <iry cldorine and heat tiie sulphur 
j^ciUly. It melts and the nionochloride distils as a liplit brown 
oily lifpiid. Tlie receiver must be well cooled. The chloride 
ntay be jiuriiif'd by rcrdistilliii.^, excluding moisture. 

Siiipiiur inonochloride forms a (dear, amber-c<jIoured li(|uid, 
of sjiecinc gravity t ■/ Ixtiling at 138'' C. 

Suiphtiryl Chloride. 

SOgCL. 

49. i n a two-necked bottle ’place 20 grams of camphor, staml 
the bottle in cold uater, and lead in dry sulphur dioxide gas 
so long as it is abscirbed. The camphor liquefies. Vow pass 
in rhy chlorine until it is no longer absorbed, then stilphm* 
dioxide, and soon until the volume of liquid no longer increases. 
Ti'ansfcr to a dry distilling flaslc, and collect the fraction below 
loo"’. Purify by redistillation. The higher boiling portion may 
be used again to prepare more. 

.Sul])]iuryl chloride is a colourless liquid, boiling at 70 ” C. It 
fumes stTongly in air, and is decomposed by water into sulphuric 
and hydrochloric a,cids. 

SO., Cl, + 2 Ih.O = I LSO4+ 2HCI. 

PREPARATION OF rilLORIDES BY MEANS OF 
■flYDROf.'HLORIC ACID. 

50. Chioriiles nitiy be prepared by one or more of the 
following methods. 



i,i\ Dirc'Ct union of chlorine with the clemcni. 
u'l} As.tiou of hydrochloric acid on tlic metal. 

If-; Action of liydrochluric acid on the oxide, hydroxide or 
carl)onaie of 'the metal. 

ICxajnples of the first method hat c already been given. 'I'lie 
otluT n]C;lhod.s are apjtlicahle to the salt.s of any mcial and may 
lie u^'Od with otlier acid.s than hydrochloric. 


Anhydrous Perrons Chloride, 

FeCL. 

51 , In a hull) lulte of cornbii.stion glass or a jticce <jf com- 
itustion tubing lo-ia" long place a ftuv grams of clean iroi'i 
fiiinga. 1‘ass dry Itydrochlinic acid tlirnugh tlie tube, anrl when 
.air i-< expeiled, heat the iron filings. The vtipuur uf fenams 
t'hloritU; condeii.ses on the cooler ].>ari.s of the tube in colourles.s, 
six-sided, shining scale.s, and by suitable heating may be ol.itained 
free from the iron and scraped from the tulje. The product 
slioukl be immediately placed in a dry test tube which should 
then l)e sealed ]))' softening and drawing out, 

' ■ Fe-l-aHCl-FeCU + Ha. 

Stannous Chloride. 

(Tin Salt.) 

.SnCIa.2H20. 

52 . Dis.soK'e 25 grams of granulated tin in 50 c.cs. strong 
hytlrochloric acid, diluted with 25 c.c.s. of water, in a 1 litre flask, 
idlow tlie .-jolution to settle, and decant from any residue into 
an ICrlenineyer flask. Close this with a cork, and set aside to 
crystallise. The Indrated salt crystallises in transjrarent mono- 
clinic ])ri.sms, which melt in their water (jf crystallisation at 
.40" C., and lose all the water in a vacuum over sul]>huric acid. 
\’i<‘ld, 35-40 gr,s. 

Stannous chloride is a powerful reducing agent, combining 
with eithi'i' chlorine or oxygen. When the, .sf)lution is exposed 
to air, or <liluterl with much water, a basic chloride of the 
coinpasition 2Sn(OH)Cl . IlgO is deposited. 
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Zinc Chloi’ide. 

ZnClg. 

53 . This may be obtained lay neutralising hydrochloric acid 
with zinc, or its oxide or carbonate. The solution so obtained 
is evaporated until the temperature reaches 240° C. Care must 
he taken that none of the substance comes in contact with the 
hands. Allow to cool, break into lumps and bottle immediately, 
making the stopper air-tight with paraffin. 

Zinc cliloride forms a white, deliquescent mass. It is used in 
the laboratory as a dehydrating agent, in surgery as a caustic, 
and in the textile trade for weighting cotton goods. It is also 
used as an antiseptic, as a preservative for timber, and in wool 
dyeing. 

Cupric Chloride. 

CuCk.2H.X). 

54 . Use. pure copper oxide, prc'iwired by dissolving copper in 
nitric acid, crystallising and heating the nitrate until decom- 
position to oxide is complete. Warm the oxide with dilute 
hydrochloric acid, using the oxide in slight excess. Filter and 
allow to crystallise. Rhombic prisms or needles of the above 
composition separate on standing. These are deliquescent, 
and are soluble in alcohol. 

Cuprous Chloride. 

CuCl. 

55 . (d) A small quantity may be prepared as follows : In a 
test tuboplace a few copper turnings, cover with strong hydro- 
chloric acid, add one or two drops of strong nitric acid and boil 
for fjve minutes. Pour the liquid into water. Tlie cuprous 
chloride is precipitated as a white powder. 

(/j) Copper oxide may Ire substituted for nitric acid. 

Place in a '-litre flask 20 grs. of copper and 26 grams of 
copper oxide and add 90 c.cs. of strong hydj'ochloric acid. Con- 
nect uith an ufn-iglit condenser and boil for tw(j hours. Pour all 
the t.onlcniH into water, filter quickly, using .suction, and wash the 
precijiitate with sulphurous acid, followed by glacial acetic acid. 
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Moat the product in a porcelain di^li on tlic water-bath till no 
snujil of acetic acid can be detected. Kee)i in a stoppered bottle. 
Cu -1- CuO -f 2 H Cl — oCuCl + ILO. 

(c) Heat a solution of 50 po's. copper .suli)hate and 24 grs. of 
corninoa salt to 60-70“ C, Pass sulphur dioxide through the 
solution till no further precipitate (jf cuprous chhu'ide is 
obtained. l‘’iliev, wash and <lry as liefore. 

2Ca.S ( ) j -t- 6N aCl -f 2 H ;;0 -t- S t ).j ■- 2 CuCl ■+■ 3 N a.,.S O.^ -1- 4 1 K il. 
Cuprous chloride is insolu])le in water, hut solul)le in hydro- 
chloric acid and ammonia, d'liese solutions are used for the 
absorption of carbon monoxide. Acetylene is also absorbed by 
the ammoniacal solution. 

Calcium Chloride. 

, CaClo. 

56 . Use the solution of calcium chloride from the carbon 
dioxide generator. Neutralise the liquid by iwiling with a 
small amount of milk of lime. This will precipitate any iron 
lU'ixsent. Allow to settle, pour off tlie clear liquid as far as^ p 
siblc, and filter the remainder. Evaporate until a portion taken 
on a glass rod rapidly S(didifies. To make the product poroitSii 

. add a few c.cs. of strong hydrochloric acid. Dry by heating in 
an iron pan, but do not allow the substance to fuse. 

Calcium chloride is extremely hygroscopic, andyis largely 
used as a desiccating agent. It combines with ammonia, form- 
ing the compound CaCIa-SNH;}, and cannot therefore be used 
for drying ammonia. 

Crystallised calcium chloride, CaCh-dH./), may be^pbiained 
by evaporating a concentrated solution obtained as 

above. 

Barium OMoride;^^ ^ ^ ^ 

BaCl^.allaO. 

57 . Or) Prom Witherite. Place 100 , grams powdered 
withcrito in a large porcelain dish and mix to a paste with 
100 c.cs, water. Add slowdy, with constant stirring, a mixture of 
75 C.CS. strong hydrochloric acid and foo c.cs. water. Heat finally 
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on the stcam-batli and stir well till all eftervescence ceases. 
Now add a slight excess of finely powdered witherile and evapo- 
rate to dryness. Thi.s precipitates iron, calcium, etc., which 
commonly occur as impurities in the witheritc. Extract the 
residue with half a litre of boiling water, filter, acidify the filtrate 
with hydrochloric acid, evaporate to half its bulk and allow to 
crystallise. Concentrate the mother liejuor until no more 
(•ry.'^tals can be obtained and then recrystallise the whole from 
distilled water. Yield, about too grams. 

BaCO;;+ 2HGI = BaCL + 4- CO.J. 

:/') From Heavy Spar, Mix 50 grams finely powdered 
barytes (or precipitated barium sulphate) with 10 grams 
powdered charcoal and heat to Ijright redness in a covered clay 
crucible in the muffle furnace for 1-2 hours. When cold, extract 
the mass with boiling water, filter and add hydrochloric .acid to 
the filtrate till the barium sulphide is all decomposed. Crystallise 
and purify the barium chloride as above. Yield, about 35 grams. 

BaSOj 4-4^ ™ BaS + 4^C). 

BaS + 2HCI -■= BaC1..4- H.,S. 


COMPOUNDS OF BROMINE AND IODINE. 

Hydrobromic Acid. 

HBr. 

58. («) In a flask fitted with tap funnel and delivery tube 
place 5 grs. amorphous phosphorus and 15-20 c.cs. water. Allow 
10 c.cs. (30 gns.) of bromine to drop slowly from the funnel. 
Hydrobromic acid is produced : 

5Br4-P + 4HaO=:H3PO.,4-5HBr. 

To free the gas from bromine, conduct it through a U-tube 
containing moist asbestos dusted with red phospliorus, and then 
ab.sorb the gas in 100 c.cs. of water by means of an inverted 
funnel nr retort, or a large pipette, ju.st dipping into the liquid. 
Distil the a,cid and collect the constant boiling liquid (123-129'’). 

t7/j Pass .sulphuretted hjfflrogen through a mixture of bromine 
and water until the bromine is dccolouri.sed. Remove the 
excess of hydrogen .sulphide with a current of air, filter from 




suljsluir distil as above. Some sulphuric acid is also 
produced., , 

H.iS + l:>r2 = 2HBr+ S. 

H .,S + 4 Br ^ + 4 Hod = 8 n Br 4- H.S O. . 

(n C.'irry out a similar experiment with sulphur dioxide pas. 
Leave a little free brtjmine, or add more bromine water until a 
slight yc'liow colour is obtained : remove the exces.s of In-funine 
with air, and distil. 

SOy+ Bra+allp--2H Br + HoSOj. 


Potatssium Bromide. 

KBr. 

59 . (I't) Place 20 prs. fine iron iilings and 200 c.cs. water in a 
tiask, and add slowly 30 prs. t ro c.cs.) bromine, shaking well 
afttu' ('ach addition. Bromides of iron arc jiroduccd. To the 
li(|i.iid add now a solution of 25 prs. potassium carbonate so long 
as a precipitate is formed. Heat nearly to boiling, filter from 
the excess of iron and precipitated carbonate of iron, and 
evaporate the liquid. Potassium bromide crystallises in cubes 
with .a saline taste. I't is easily soluble in water, and is used in 
medicine as a sedative. Yield, alrout 35 grams. 

{/>) By the action of bromine on caustic potash, mixtures of 
bromide, hypobromite and bromate are obtained, according to 
temperature and concentration of the liquid (compare chlorine). 
If the liipiid be evaporated to dryness and the residue gently 
ignited, pun? jiotassiurn bromide is obtained. This may be 
redissolved and crystallised. 

((■) Potassium or sodium bromide ma)' also be obtained by 
neutra!isin5> waste hydrobromic acid solution (ob^iined in 
brnminating benzene, etc.) with potassium or sodium carbonate, 
after removing free bromine with a stream of air. The dry 
residue left on evaporation may be used for the preparation of 
I'thyl bromide, etc. 

Potassium Bromate. 

KBrO.,. 

60 . To a solution of 40 grs. caustic potash in 200 c.cs. of water, 
kept at a temperature of 70-80" in a water-bath, add carcfull)^ 
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flroj) by drop 15 c.cs. (45 prs.) of bromine. Transfer the liquid 
to a crystallising dish and set aside to cool. Potassium hromate 
.sejianites, the In'oinide remaining in solution. 

6KOH + 3ljr2== Kl>r03 + 5KBr+3H2O. 

It may be recry.stallised from hot water, and .separates in 
hexagonal cry.slal.s, spariiigly soluble in cold water. 

Potassium Iodide. 


61 . Thi.s salt may be prepared by the methods given for 
potasaiuin bromide, hut it is best prepared by the artiun of 
iodine on caustic potash and ignition of the dry residue. It 
rryslallisf's in cubes, vciy soluble in water and liaving a sharp, 
saline taste. 

Hydriodic Acid. 

■ ■ . ■ ■ HI.' ■ ■ 

62 . (if) Tliis acid may be obtained from iodine, red phosphorus 
and water, as for hydrubromic acid. Place 5 grs. red phosphorus 
and 20 grs. iodine in the flask, and add water slowly from the 
dropping funnel until the mixture is covered. Heat finally on 
the .sand-liath to complete the reaction. 

{/)) Fuss sulplnircttcd liydrogen through a mixture of 20 grams 
powdered iodine and 200 c.cs. water. After a few minute.s, when 
air is expelled from the flask, close the outlet tube, and alloAv 
the mixture to stand in contact with sulphuretted hydrogen, 
with frequent shaking, until all the iodine is dissolved. Remove 
e.xcess of §uli)huretted hydrogen with a stream of air, filter from 
sulphur, and di-stil in a current of hydrogen to pre\’ent dis- 
sociation of the hydriodic acid. The strongest acid obtained by 
distillation at ordinary pressures boils at and contains 

57*7 per cent, of the acid. Collect from r25“-i3o“C. 

(c) The acid maybe obtained by the direct union of hydrogen 
and todino. A bard glas,s bulb tube is packed witli phiiinised 
asbestos, prepared by soaking asbestos in a solution of plalinic 
chloride and igniting the dried fibre. Into one end of the tube 
i.s itrserled the side tube of a small distilling flask containing 
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i.iiMnc, while ihc other end is ronneetccl witli a U-tube filled 
ttirh dr\ aslxjbtos, from which ri glass tube leads to the 
ahisovptioii flask containing' water. Pure dry hydrogen is passed 
through the apparatus ; the bulb of platinised asbestos is heated 


to dull rednf;s.s, while the distilling flask is gently warmed. A 
niisturo of hydrogen and iodine vapour is thus carried over the 
platinised asbestos ; hydriodic acid is produced and the unconi- 
bined iodine is depiosited in the U-tube. 


lodio Acid. 

HIO.,. 

63 . Place 10 grams -iodine in a 250 c.c. round flask, add 
100 e.cs. fuming nitric acid, and warm gently until all the iodine 
is dissa!\cd. Add more nitric acid if required. Nitric oxide 
is evolved. * 

31,+ ioHN03=6H 10 ;,+ loNO + 2n,iO. 

Evaporate to dryness and heat the residue to 200” to remove 
all trace of nitric acid. Iodine i)entoxide remains as a white 
powder. Redissolve this in a .small viuantity of water, and allow 
to evaporate, when iodic acid will separate in colourless 
rhombic crystals. It is easily soluble in water, and is reduced 
by sulphur dioxide, sulphuretted hydrogen, hydriodic acid, etc., 
with separation of iodine. 




AIETALLH' oxides. 4S 


PREPARATION OF METALLIC OXIDES. 

s ^ 

Cuprous Oxide. 

i 

S 1 

. Cu.O, 


64 . (rf) Mix together 20 grams cuprous chloride and 15 sTfuns 


dry sodium carbonate, and heat gently in a covered crucil)lo. 

^ ^ -ij 

tliijiruus oxide is obtained as a non -crystalline I'ed [)0\vdcr. 

I 

Cu.CLH- N!i,.CO;,-= CuX) -h aNaCl-h CO;,. 

! 

ICxtract the residue when cold with water, to remove sodium 


cliluride and excess of sodimn carbonate, filter, wash till free 

; rbl 

from diloride, and dry tlio residue of cuprous oxide. 


(Ji) Dissolve 20 grams ciystalliscd copper .sulphate and 15 


grams gra])e .sugar in 200-250 c.cs. water, and add excess of 


srKlium hydrate. Heat gently on a sand-bath, with irequent 


shaking, until the copper is completely precipitated as cuprous 

■ w 

- 

oxi(l(;, and the liquid no longer has a blue colour. Allow the 

precipitate to settle, pour off the clear liquid, and iidd hot water 

f ! 

to the residue. Wash in this nay by decantation several times, i 

f‘ 

and then filter and complete the washing on the filter till free i 


from alkali. 


Cuprous oxide dissoh es in strong hydrochloric acid to form 

ft - 

cuprous chloride. It is converted by nitric acid into cupric 


nitrate, tvith involution of nitrogen oxides, and by sulphuric acid 
into a mixture of cuinric sulphate and metallic copper. 


CuoO -f- H 2SO.1 = CuSO.} -f Cu-f H2O. 


Manganous Oxalate. 


a MnC^O.} ; 

1 

and Manganous Oxide. 

- i 

MnO. 

f 

65 . Dissolve separately in as little hot water as possible 20 grs. 


manganous sulphate and 12 grs. ammonium oxalate. Filter the 

i 1 

two solution.s if they an; not quite clear, and mix together. 

; ;; 

i\langanous oxalate is precipitated as a pale pink, crystalline 

! |1 

powder. Drain on the pump, wash with a very little cold water, 

and dry on a porous plate. Place this dry powder in a piece of 



' i 

fefADby.XC,,: '.y 
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hard i^lass tul>e 8-12 inches lon^, pass a stream of dry carbon 
d’uxiue and lieal gently with the burner until the oxalate 
is fonepietely decomposed. IManganous oxide remains as :i 
g re\'-;;reen powder, 

MnC., 0 ,, = MnO -b CO + CO., 

^\•llidi, on e\pusurc; to air, changes to higher oxides. 'Fransfer 
it, while the earlion dioxide is still passing, to a strong lube 
dosed at one etui and then setd llie tube. 

Mercuric Oxide. 


66. Dissolve mercury in nitric .add and ewaporate to dryness. 
Mix the residue with about an (-(pial weight of mercury, and 
heat in the porceiain dish, in the fume chamber. The teiipierra- 
ture sliould not be more than sufficient to decoin])ose the 
nitrate. Ibse .a glas.s rod to stir the mixture, and break up tlic 
])ie<'c.s of mercuric nitrate. If the tem])erature is too high, much 
of tire mercury will vohililise, .and some of the mercuric oxide 
will be decomposed. Allow the residue to cool, add water and 
boil. Filter and wash with hot water to remove undecorn- 
Itosed nitrate. Dry and press through wash leather to remo\'e 
unaltered mercury. The residue is red. 

Mercuric oxide may also be prepared by adding a solution of 
sodium hydrate to a solution of a mercuric salt. The preci- 
pitate is mercuric oxide, and is yellow. It must be well washed 
with hot water to remove the caustic soda. I'he residue may 
be dried in an fiir oven. 


Nickel Sesquioxide. 

Ni.,03. 

67 , Dissolve 10 grams of pure metallic nickel in dilute nitric 
acid, make up the .solution to 250 c.cs. with distilled water, and 
iiher from any residue. Ivvaiiorate to dryness on the steam- 
bath. Nickel nitnile retnains as a green crystalline rcsidiux 
Tr.insfer to a wciglied ]iorcclain dish. [If ])urc metal i.s not 
avnikdrle, take 50 gram.s of pure nickel nitrate, free from cobalt, 
in a weighed porcelain dish,] 
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Ignite the nitrate, gently at first, to expel all water of crystal- 
lisation, in which the salt melts, and then strongly until no 
further change occurs, and the weight of the residue is constant, 
Aliundant red fumes are evolved, and the green nitrate changes 
to the dark grey oxide. 

The oxide dissolves in nitric or sulphuric acid evolving 
oxygen, and in hydrochloric acid with evolution of chlorine 
and nickelous salts are produced. It is readily reduced, by 
heating to 300-300” in hydrogen, forming metallic nickel. 

Many other oxides may be prepared by this method, as CuO, 
PbO, BaO, etc. 

Chromium Sesquioxide. 

CroO;j. 

68. Dissolve 20 grams chromium sulphate in 50 c.cs. dis- 
tilled water, or use the chrome alum obtained in the preparation 
of aldehyde (par. 120), heat and add dilute ammonia solution 
until no more precipitate is obtained. Boil for 15 minutes and 
allow the precipitate to settle. Decant the clear liquid and 
wash the precipitate by decantation with boiling water until 
free from ammonium sulphate. Filter on a fluted filter, and 
dry in the steam oven. Transfer to a crucible or dish and 
ignite to convert the hydrate to oxide, then grind to powder in a 
mortar. A dull green amorphous powder Is left, almost in- 
soluble in acids. 

Chromium Hydrate. 

, Guignet’s Green. 

Cr20(0H).i. 

69 . Mix together 30 grams finely-powdered potassium di- 
chromate and 30 grams crystallised boric acid, and enough 
water to make a thick paste. Place in fire-clay crucibles and 
licai to a. low rod heat. On cooling, extract the fused mass with 
water and boil to remove boric acid. The residue is a fine green 
powder, insoluble in water and acids, and is used as a green 
pigment. Yield, 15-18 grams. 
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Lead Peroxide. 

■ 'PbOo.. , 

70 . Dissolve 50 grams cryslallised lead acetate in 200 r.cs. 
v.’iiter in a large (lask or porcelain dish and heal on th<; steam 
lirind up too grams good bleaching powder with water, 
inaki> up to 1,5100 r.cs., shake well, and allovr to .settle, hiltei^ 
llie cleaied soliilion and add it .slowly to the hoi. solution oi 
lead acetate, with constant stirring or shaking, until a lihcred 
ic.-,! ])ortion gives no more brown jirecipitate on boiling \\itli 
more ivf (he Ideaching iiowder. Continue heating lor .some time 
until the precipitaUnl lead peroxide is dark In'own in colour. 
\\-ash by decantation with hot water until die washings arc tree 
from chloride, drain on the pump and dry in the steam oven, or 
keep the ]iero.\ide as a paste under water. Yield, 25-30 grams. 

(/>) Mi.x do r.cs. strong nitric acid with 250 c.cs. water in 
;i porcelain dish, warm gently on the steam-bath, and .slowly 
stir in 70 grams red lead made into a paste with watei. iwo- 
ihird.s of the lead dissolves as nitrate, and lead peroxide 

.'■remains, x tt 

Pb.j 0 .t + 4H N O3 = PbO. -h 2 PbuM 03)0 + 2H3O. 

Heat on the steam-bath, stirring frequently, for half an hour ; 
allow to settle, decant and wash by decantation as above till no 
lead can be detected in the washings. Yield, 20-22 grams. 

From the tillered solution lead nitrate may be crystallised on 
cooling. ' 


REDUCTION OF METALLIC OXIDES. 

Copper. 

. 71 , Fill a porcelain boat with copper oxide. Place it In a 
]iiece of combustion tube with a stopper at each end carrying a 
dtdivery tube, Ptiss through the tuloe a current of hydrogen, 
taking care to test the gas before heating the tube. 'I'he 
heated oxide is rapidly reduced. Allow to cool in the current 
of bvdrogen. 

CuO-l-Hij-CiH-HaO. 

rOattermann, Practical Methods of Organic Chemhiij. 
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nt.ay Iva Miib^tiniU'd fur hydroj>en, and by finding the 
'.vuial’t uf o'ddu list. <1 and of ropjHn' produced, and repeating the 
expurimi'in with luprnurt oxide, the results obtained may lie used 
to verify the laiv of nndtiple proportions. 

The law of vouhtant iiroportions may also be rerified by 
iinding die weight of oxide produced when a known weight of 
redticed copjier is iicated in air, and dissolving the same weight 
of copiier in nitric acitj, eva]!<iraling' to dryness, dcconpiosing the 
nitrate by iicat and wcigliing t!ie residue of copper oxide. 


72 . ’I he iiad may be obtained as in the last methoil, or a.s 
ioilons. Heat t) or 7 giv.ms of an oxide of lead in a cui’bon 
f Hieihlt* in a nnifno furnace till reduced. 

When I 00] the iie.id of lead may be taken out, cleaned from 
adheiiiig particli's of dio crucible, and weighed, lly repeating 
with otlu-T oxides ol lead, the law of multiple proportions may 
be verified. 

Manganese. 

73 . Wiien certain metallic oxides are heated with aluminium 
piowder. ilie ineta! is produced and almniniuin oxide formed. 
I'he heat produeed by the action is so great that it is onlv 
necessary to start tlie action at one point in the mixture. If 
sufficient material l.>e usc'd, the product tvill litpiefy and a mass 
of the metal will he oblaineti. 

Ih-eparu about 80 grs. (if tri manganese telroxide by strongly 
heating I he dioxide. 

= Mn;i0.j + Og. 

Mix tin. ])rodnct with tlic calculated quantity of aluminium 
jiowder and ji.ack tightly in a fireclay crucible. To start the 
action cot or with a thin layer of potassium ]H’,rmanganatc and 
itlumininm in eijuai parts, phtce a short piece of magnesium 
ribbon in the centre and light the magnesium. The rnicibie 
should lie, .',iuTor, nded with .santl and ms soon a.s the action Ls 
slant’d the lid should in' placed on the crucible and more sand 
put roiirul. 

8A] + 3 M n.t -4 ALO3 +9Mn. 
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Wht'U cool lircak tlie crucible to obtara tlu' mass ol niangaaiese. 

Malic a simihu- esperimonl wit!) chromium sesquioxide. 

A )niMU!-(: of ferric oxide iind akuninium powder, which is sold 
liu.'ler the name of “'rhermit'’ i.s used for the production of 
molioji iron at a high leinperalure. 

Sodium Bicarbonate. 

NaHCOa. 

74. 1 )ihiti- 250 c.i s. of -SSo ammonia with twice its volume ttf 
v.aier ;iud place it in ;i litre ilask. Pass in a steady sti'eam of 
carlion dioxide till aljsorption ceases. Keep the flask cool 

during the ojiei-ation. If a precipitate fonns, add water to 
dissolw it. Miike ;i salniiited solution of 200 grs. of common 
.sail in waU'r and add to it tlie solution of ammonium bicarbonate 
till no fmther jiret'ipitalion is observed. Keep the solution cool 
during the addition. Kilter, wash the precipitate with small 
amounts of cold water to remove the ammonium chloride, and 
{Iry in a steam oven. 

N H3 + H.3O + CO, - N H,,H CO3 . 

NH 4 HC 03 +NaCi-NaHC 03 + NH4Cl. 

Cv)m]}are tliis method with the Solvay or Ammonia Soda 
process. 

The solubility of sodium bicarbonate is 9-8 at 20X., that of the 
normal carbonate beiiig 21-4. 

Scjcliiun carbonate may be jwepared from the bicarbonate Iry 
hetiting or by boiling tlie aqueous solution ; 

2 NaHC 03 =Na 3 C 03 + HoG + GO,. 

Sodium Carbonate. 

NaoCOs. 10H3O. 
fWa-shing Soda.) 

75 . Heat 500 c.cs. of water to boiling in a beaker and add in 
small portions about 200 grs. of soda ash. If the sohiliiiu is 
yellow fidd a small quantity of Ijleac'hing ’powder. Filter 
through a rlotli filter, concentrate and allow to cool. Press tlie 
<'ryslaK between filler paper and dry in the air till cffloresccmce 
commencc.s. Store in a well-stoppered bottle. 


/ 





SODIUM HYDRATE. 


'I'o nbijiin free I'nun suipii:iU*s and chloi'ides coninn-.nce with 
rtodiinn 1)H'.'irboaut<‘. l-'iace in a funnel pluj^'^ed with cotton 
uoul and w.'wli rej)s;ated!y with small quantities of distilled 
waser. 'Fest I Ik- riltrale for chlorides and sulpliates. When 
free iVoni these, place the hicarhonate in a platinum dish and 
dry m the air oven. Moat strongly till the weight is constant. 
Tlie sirodnct contains small traces of silica. Dis.solve it in hot 
water and. crystallise. 

So<iiiini carbonate- cry.-.i.'illise.s in large inono.sym!netrit; crystals 
i.ouudrjiiig to rnnif-culcs of water of crystallisation, lire crystals 
arc rn]orc-.!-<-!it. fonuitig NaXO;, . M3O. The student should 
notice the solubility curve for the crystals. 


Sodium Hydrate, 

NaOH. 

7 G. Ifi a large Iteala.-r jjlaco some water and boil. Add in 
port inns 50 grs. i*f s.odiuin carbonate (anhydrou.s) or loo gts. 
wa^^hmg soda and when dissolved add y™- 

;!,bout 50 grs. of slaked lime. Boil, / 

tiiter 2 or 3 drops and test with acid. / 

If no effervescence occuns the action r-if 

i,5 complete. Allow to settle, decant 

tire clear lieprid and er-ajjora.te. P Z3 j 

MiXO.vf CalOnk ^ /' 

-=CaCO;;-f 2NaOH. p -sf 


Sodium Hydrate. 

(By Electrulx'sis.) 

77 . Talce a large Ire.'iker and place 
in it a large jrorous cell round which 
i.s placed a piece of wire gauze to 
.act as a cathode. Insiile tire porous 
1(1! ]>!ace :i crlindncal lamp diimtrey 
titl<-d with .t 2-liolcd rulrlKU' stopper. 
I'hrough one hole pl.ace a carbon 
rod to act a.-^ anodrr and thrungh the 
the chlorine produced. Coat the rubi: 
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i‘nnr inlo tlio porous pot and lioakor a saturnied solmittn of 
rmnmon salt in \v:iter. The porous pot prevents tluj chlfu-inc 
pni'hiced during electrolysis from acting on the sodium hydrate, 
■'i he most suitalrie current will depend upon the dimensions of 
the difierent portions of the apparatus, and the student .sliould 
j ait -fully note the nature of the current used. All phenomena 
should lie (‘ulered in the notes, and should include the sp. gr. 
of tlif ehtclrolyltis before and after electrolysis, tind of the sodium 
hyrh-atc oltlaiued. The chlorine may be absorbed by slaked 
lime ti) form iiieaching powder. 

Sodium Sulphite. 

Na..SOa . y lhO. 

78. Dissolve 30 grams crysttdlised sodium carbonate in too 
c.cs. of water, and divide, the solution into two etpial jiarts. 
Saturate one half with sui])hiir dioxide. Qirbon dioxide is 
expelled and sodium bisulphite produced. 

N a.CD., + 2SO._, + H .,0 == 2 N aH SO;j -f C Oo . 

Mow add the other half ttf the sodium carbonate solution. More 
carbon dioxide gas is'evolved, and sodium sulphite formed. 

2NaHSO;5+ NaXO;,^ 2Na.SO;i+ COoT HgO. 

'J'he normal sulphite cry.stallises from tlii.s solution in trans- 
jiarent monoclinic prisms. The crystals are efflorescent, and 
lo.se the whole <jf the water of crystallisation at iSo°C. The 
solution has an alkaline reaction. 

Sodium Hydrogen Sulphite. 

NaHSO,. 


79. This salt may be obtained from the above solution 
saturau'd with sulphur dioxide in the cold. It can be crystallised 
by alUnving the solulitjn to evaporate slowly in the cold, and is 
precipitated from the a({ueous solution in the form of a white 
powder, by the adilition of alcohol. It has an arid reaction, 
stnclls of sulphur dioxide, and liberates the gas on healirig or 
cm boiling the aqueous solution, leaving the normal sulphite. 
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Sodixim Thiosulphate, 

80 , Pn-pai'c siKtiiiin Miipliirt' as abovt fn>ni ’5 jp'aius sufliiiin 
curlxmate, or dissolve 25 ^rs. sodium sulphite in 100 c.cs. water, 
,aml add 5 t4rs. flowers of sulphur, hloil yuntly for about half an 
hour until the alkaline reacti«*n of the sulphite has disajrpearcd, 
and tiitur. Sodium thiosulphate is pruclnced by the union of 
sulphur with the sulphite, 

Na,,S();j-bS-- Nht.S./).;, 

and crystallises from the filtrate in large transparent rnonoclinic 
prisnis, L'tmtaining five mcik-cules of water. 

it is also prepared by ptissing Ruiphur dioxide into a solution 
of sodium sulphide. 

Tiie salt is unci.anged by exjrosure to air, arid the a<iUoous 
solution is neutral. The cry.stids melt in their own wtiter at 
45 C., and lose ail the water at 2i5''’C. On further lieating the 
.substance deconijroses witli libenition of sulphur. When the 
solution is acidified witii hydrochloric acid, no immediate 
change is apparent, but the un.stable thiosulphuric arid i.s 
liberated, which gradually decomposes, liberating sulphur and 
.sulphur dioxide. 

HaSaO;} =■ H.,0 + SO. -f S. 

Iodine solution is at once decolouri.sed, and thiosulphate is 
largely used for the estimation of free iodine and as an antichlor 
in the bleaching of jxiper i>u!p, calico, etc, 

2Na.S.(ri-i- L-=2iSaI + Xa.S,n,.. 

Sodium teirathionate. 

The .solution of thiosuljihale also tiissol\-cs .silver halides, and is 
em}!lo)etl a.s a fixing agent in jdrotography, usually under the 
crrorieouK name of “hypcssulphite.” 

N a.Sri );j -I- Ag(.:i -- Na.(;i + AgNaS.O,-,. 


Barium Bithionate. 

DiiS.n,;. 211.0. 

81 . 20 grams (jf finely-powdert'd manganese dio.xide are 
suspeudctl in water and sulphur dioxide is pas.sed in, with 


.S 4 
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until no more of llie oxiilc will di:ss<jhT;. 'I'lie 
■(inluliia niant^aiiese dilliiunaic and a small cuuintity of 


MnO,,+ 2S<\-^inSAj- 

MnOof MnS.po==-2MnSO,. 

riif ipanyancse salt may be obtained in easily soluble rlionibo- 
iHdi.d cryslais, with three moleeules of water. .M nSijtJ,;. 3I !.;( b 
It i-. Iw-iie;- to ]3repare the barium salt, vdiieh ran be ol.>Lainc-d 
('Hiite Ipm:; i'roiu siiljdiate by aduinj^ a solmion of barium 
I'r.iini.ade as leas*.;' as a precipitate forms. 

\f nSOj4- Ba(OH).,^ BaSC>.i+ Mrr't ) n 
M n.S..O,. + Ba(OH)g=- BaS.pi+ Mn(Ci i 
Warm pently and lilter off the predpitated barium sulphate and 
maupanef-e hydroxide. Barium. dithionate can then be ( rysla,!- 
i s(‘d fioin tiie filtrate by slow evaporation in a warm pla.t e. ft 
form-, naon dess, transparent rhoiribic prisms. 

< 3 T! Ik’.atlnK dithidnates in a dry tube, ()!* (tn boilinp the 
aijiieou:-; -loliuion for sonte time, especially in ]n-escnee of a 
little liyfirfH liioric acid, they are all decomposed into sulphur 
rliuxifle arid the .sulphate. 

BaSPy— BaStbt + .SOu. 

Note for Btudent. Devise a scheme to clistinguiBh 
belucen .sulphites, bisulphites, thiosulphates, sulphate.s, mid 
dithionale.s. 

Sulphuric Acid. 

HaSOj. 

82 . The manufacture of sulplmric ;idd liy the charTiber pro- 
i'cv'S may be ilhustrated with the aid of the follow inp apparatus: 
A larpe liry flask or bottle of 2-3 litre.s capacity is used as the 
rea'liun r!i.anil>er, and into thi.s are pa,ssed from sejjurate gene- 
rauirs suhthur dioxide, vapour of nitric acid, air, :uid steam. 
An exit tube must also be provided for the e.xcess of pas. Fit 
up die api>aratus in the fume, chamber, a.nd commence by intro- 
diuinp pradtt.illy into the dry tia.sk suljihur dioxide from the 
generator (par. 36 }, in which strong btilpluiric acid is droij]if>d 
inia sodium bisulphite solution, and nitric add from a small 
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flask runtaining a mixture of sodium nitrate and strong sulphuric 
acid. Mhe nitric acid i.s reduced by sulphur dioxide, forming 
red fumes of nitrogen peroxide, while sulphuric acid is simul- 
taneously formed. 

S 0 .,- 1 - 2 HN 0 ,(-H..S 04 + 2N0.,. 

After a short time also a white crystalline deposit appears on 
the inside of the flask. This is chamber crystal, or nitro- 
sulphonic acid, and is formed by the actionof nitric acid on 
.sulphur dioxide in the absence of water. 

sor!- iino3=o,>s<q^j;jq_ 

This deposit is at once decomposed on the admission of steam, 
forming sulphuric and nitrous acids, 

SO.,. OH. N0a+I-hG=.H.^S04 + IlN0.^., 
the latter decomposing with effervescence into water, nitric 
oxide and peroxide. 

aHNOa-H/d + NO + NO.^. 

The nitrogen peroxide produced above also irlaj's an im- 
portant part in the oxidation of sulphur dioxide, being reduced 
to nitric oxide, 

SO.J+ NOa+ HP = H 2 SO 4 + NO. 
and this nitric oxide again combines with oxygen from the air 
introduced, thu,s acting as a “ carrier ” of oxygen to the sulphur 
dioxide. For this reason a small quantity only of nitric acid is 
requireii, provided the oxides of nitrogen are retained in the 
chamiier. Hence the use of tiie Glover and Gay Lussac towers 
in the technical jiroress. 

When lithe above operations lia\-c been continued for about an 
hour, air Ijciug introduced from time to lime from the gas- 
holder, a considerable (.juaniity of dilute sulphuric acid will 
have collected. The lit[uid will be strongly add, and will 
decompose sodium carbonate and dissolve zinc or iron, liber- 
ating hydrogen. It will also give a white pred{)itate with 
barium chloride, in.solable in acid.s. 

Evajjorate r)ne-fourth or less of the liquid in the fume cu})- 
]■)oar^), until wliit(? fumes Iregin to be evolved. The re.siduc i.s 
now slnnig- sulphuric acid, a heavy oily liquid. After cooling, 
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jMn;r iui<' a liulo cold water in a test tube and note the evolution 
of heat. It may now he added to the main |)(.>rtion of the 
litjuid, the wlio'ie boiled to expel oxide.s ot iiitruttem, and llten 
coi't verted into tlie following stills. 

Magnesium Sulphate. 

MgSO,, . 7H J ). 

(Epsom Salt.) 

83 . Xentralisc one half of tite dilute suiplnific acid olilaiiied 
ahi(\e with maj^nesium carbunaie, he.at netirly to hoilin;.; :ind 
iilter ;it once. Maynesiuin .sul]sli;itc {'i■yst;^lli^e!5 from the lihuate 
in f<nir-‘'iiled rhombic pri.srns r<)iiiriinin;4 M'Scu mnleetiles of 
wttlerof er)-st,riiiisation. When iictited, flic ny.'^tals melt in this 
water, and lo.se six moletaile.s at 151/, the .scxenlli at 2CK)'. 'Ibc 
rryaals arc isomorphuus M'iih the correbjroudiug siilpltales of 
zinr, iron, nickel, etc. 

I'ipsom bait is used in medicine tt.s ti puiytitivc, atid is tilso 
employed in dressing and weigbtinj^ cotton goods, and as a 
niortlaiii in dyeing. 

Copper Sulphate. 

CuSO. . 5H.,0. 

(Blue Vitriol.) 

84 . Till' other half of the dilute buljilmric acid solution is 
neiur.ilKcd by boiling with coj^per oxide, or by adding co])|ter 
carlionate. 'J’he blue filtered sohilion dtpo.siis copper sulphate 
on cooling, in transparent, blue triclinic cryslals conttiining five 
ntoleculo.s of water. Four of these are lost at too*, tlie fifth :it 
320-230''’. Copper .sulphate is used as a mordant in calico- 
printing, and in dyeing, in making certain pigments, as ^icheide'.s 
green and emerald green, and in the clecirometalhtrgy of 
copjtcr. 

Purification of Copper Sulphate. 

85 . Tint commercial copper sul]ih:ite conltuns some iron. 
Dis.,()he 200 grams in 300 c.cs, of hot water, add 12 grtims of 
lead porC)xide and boil for an hour, keeping ti con.'-gatit hulk of 
liquid hy tiddition of water. Add barittm ctirbontito and stir 
well, keejiing the solution warm. 
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I'e'al a few f.cb. as follows. I'ilter, add amnioniiun hydrate in 
excess and filler attain. Wasli the liller paper, aiul if a brown 
precipitate is seen iron is present. 

(Jxidise tlio oriyinal substance further witli lead pcro.xidc, add 
more barium carbonate if necessary and .lyain test. If free from 
iron filter the whole of the liquid, concentrate and crystallise. 

Zinc Sulphate. 

ZnSO.i.7H.p. 

(White Yitriol.) 

86. The solution from the hydrojfen generator may be used, 
excess of zinc lieing added to render the solution us nearly 
neutral as possible and to prevent the solution of arsenic and 
lead which may be jiresent as impurities. Filter (he supernatant 
liquid thiouph an asbestos Olter. Oxidise any iron present by 
passing chlorine through the solution. The iron slmuki not be 
precipitated with ammonium hydrate owing to the formation of 
ammonium sulphate which will crystallise with the zinc .sulphate. 
It may be precipitated by boiling with a small quantity of zinc 
carbonate (which may be prepared by precipitating a .small 
portion of the solution with sodium carbonate, filtering and 
washing the precipitate), stirring during the heating. 

Test the dear liquid with .potassium sulphocyanide for iron, 
and if free, filter through asbestos and evaporate the filtrate till 
saturated. Allow the solution to crystallise. Tress the crystals 
between filter paper and dry at a lo\v temperature. 

Zinc sulphate crystallises in long rhombic prisms which are 
oftlore.scent. At ioo°C. it parts with 6 moleculc.s of water of 
crystallisation, and with the last molecule at 300" C. It decom- 
posc.s on heating strongly, forming zinc oxide. It is used in 
medicine and in dyeing and printing. 


i 


i 





Potassium Dichromate. 

K.,Cr.p7. 

87 . Take 30 grams of finely powdered dn'omitt‘, or chrornimn 
•sesquioxide, CixO;„ and mix well by grinding in a mortar with 
30 grams powdered pota.ssium nitrate and 30 grams dry potassium 
carbonate. Place the mixture in a large earthenware crucible 
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and heat to redness in a muffle furnace for several hours. 
Allfr.v to rool and extnu t the yellow' mass with boiling waler, 
filter from oxide of iron and concentrate the solution. 

Ca-P;; . Fe0 + 4KA3 + 70 == 4 KXr 0 ,} + Fe20.{. 

Add sulplinric arid till the solution is strongly acid. Iflie 
chromate is converted into dichroniate, which crystallises readily. 
Filttn tlte crystals at the pump, using a plug of asbestos or glas.s 
wool instead of paper, wash with a little cold water, and ettn- 
centrate tin; filtrate. Tlie later scpanitions arc litible to contain 
liotassium '^ulpiiule. Recrysiallise the dichromatc from hot 
water. It crystallises in orange-red Iridinic prisms, rvithout 
water of rrystaOisation. These melt without decomposition 
below a red hi-al, and decompose at higher temperature into 
oxygen, chromium M!S(|uin\ide and the normal potassium 
chromate. 

I'otassimii dichroinate is largely used in dyeing and calico- 
ijrinting, as an o'ddising agent, ami in the preparation of other 
chromium co.nipouiuhc The '-olution has an acid reaction, and 

Is poisonous. . 

Potassium Chromate. 

K-jCrO;). 

88. Dissohe 30 grams potassium dichroinate in 100 c.cs. 
water, and add slowly to the warm solution 14 grams dr}^ 
jiutassium carb(>nate. Tlio norma! cliromatc is produced : 

K.fivJ )» + -= a KoCrf),, + TO.,. 

Ijoj! die liquid to expel carlron dioxide, filter and evaporate. 
Tim salt crystallises in yellow rhoiribic pyramids and is very 
soluble in water, but insoluble in alcohol. The solutiqn has a 
strong yellcjw colour, and an alkaline reaction. When Itcalod 
tbt; salt becomes darker in colour tind melts at a high tempera- 
ture without decomposition. 

Chromium Trioxide, 

CrO.,. 

('Chromic Anhydride.) 

89 , Dissolve 60 grams af yiotassium dicliroraate in 100 c.cs. 
water, and add 85 c.cs. strong sulphuric acid. Allow' the 
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iiiixture lo s(:ind overnight in a cool place, when potassium 
hisulpliatc will crystallise out. Decant the liquid, heat the 
inoiher liquor to 8o-go“ C., and add 30 c.cs. strong sulphuric acid. 
If a precipitate of chromium trioxide separates, add water till it 
just redissolves. Evaporate on the steam until crystals begin to 
fi)rm in the liquid, and set aside for a day. Decant the liquor 
aiul evaporate to obtain a further crop. Drain the crystals on a 
funnel iiio-sely plugged with glass wool, using the. pump, and 
n.'isli iwice with small quantities of strong nitric acid to remove 
.su]]jlniric acid and sulphates. Place in a porcelain dish and 
dry l>y heating very gently on a sand-bath. 

Chromium trioxide crystaili.ses in long rhombic pri.sms of a 
deep crimson coioiir. It melts unchanged at 195", forming a 
deep-red liquid, and at sso' decomposes into oxygen and the 
sesquioxide. It is a powerful oxidising agent. 

Lead Chromate. 

PbCrO^. 

(Chrome Yellow.) 

90 . Dissolve roo grs. of lead acetate or lead nitrate in water. 
Calculate the necessary quantity of potassium dichromate or 
potassium chromate and dis.sDlve in water. Filter the solutions, 
mix the clear liquids and stir well. Wash the precipitate well 
by decantation, testing the supernatant liquid for lead and 
chromate. When free from these pour off the liquid and filter 
through a fluted lilter or cloth filter. Press out as much water 
as possible, break up and dry in the steam oven. 

a 1 'b( -b K.jCr/D; -b M .X.) = 2 1 ‘bCrO^ + 2 KN -b 2 H N O. . 

'i'he precipitate is chrome ycllo\v and may be obtained in 
lighter shades by replacing a portion of the potassium dichro- 
m.'ite with sodium sulphate, when lead sulphate will be precipi- 
UUetl with ihe chromate. 

Chrome Red. 

Take a I'lortifin rjf the yellow precipitate before drying and 
boil with dilute caustic soda solution. The yellow colour will 
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to (jr;in}4C or red owinj;' to llte ionnatidn of basic 
ciironiate of leiui. 

rPljCrf + ’Na( )II == PbCrO, . PbO + Na.CrO . -!- ILD. 
These chromates are used as pigments. 


Potas.siuni Permangana.te. 

KMnG,j. 

91 . Idace 70 grams caustic polasli and 30 grains poiassiiun 
chlorate in a dec]) iron sand tray, add 50 c.i's. water and warm 
until all is dissolved. Stir in 60 grams iinely-powdered pyro- 
lusife, and evaporate with constant stirring until tlie paste 
solidities. Cover with another dish and lieat to dull redness 
until the mass i.s tjuite hard and dry. .\llow to cool, break uji 
and powder flic dark green or brown mas.s of potassium nian- 
gamite, and boil in il litres of water fur an hour, while passing 
a stream of carbon dioxide gas. A heavy jtrecipitalc of man- 
ganese dioxide is formed. Continue this until the liquid is 
violet in colour. The inanganale is now changed to per- 
manganate. 

' 3 .M n Oo -1- K C 1 0 ,.j -f- 6 K O H = 3 M n O4 + K C 1 H- 3 H 2 O . 

3 KuMnO^ + 2000 = K2M n^Og + 2 KoCOs + Mn02. 
Allow the precipitate to settle, decant through a glass-wool 
lilter, wash the precipitate twice with boiling water, and con- 
centrate the combined filtrates. Allow to cool in a covered di.sh 
and avoid all contact with dust, organic matter, or reducing gases. 

Potassium permanganate crystalli.ses in dark violet rhombic 
prisnus, with a green metallic lustre. The crystals are i.so- 
morpliou-s with potassium perchlorate. Heated alone, they 
decompose into o.xygcn, manganese dioxide, and potassium 
manganate which is also further decomposed. The substance 
is largely used n.s an oxidising agent in the laboratory, and as a 
disinfectant (Candy’s fluid). 


Ammonium Nitrate. 

NH4NO.,. 

92 , In a Odnch porcelain dish place 100 c.cs. ol‘ strong nitric 
acid and dilute with twice its volume of water, .Atid ainruonium 
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Ihydnile (i pt. of --SSo onunonia to 2 pts. of water) lil! the 
riolulion afltM- stin'inj; smells slightly of ammonia. Evaporate 
the lit-iuid till a portion takem on the end of a j,dass rod rapidly 
solidifies. Allow to cool, and when solid, warm the dish to 
lnos<‘n the substance, and remi,)\ e it from the dish. lireak up 
into small pieces and use for the jirepavation of nitnius oxide. 

If, during- the neutralisation, a brown sediment is iwoduried 
f'proljably traces of iron and tarr}' matter from tlie amnK-miaj, 
allow to settle and filter. 

To uhtaiu crystals, e\'aporale the solution till saturatial and 
allow to t ooi. T’ry the crystals between filter papeivs. 

NH,,+ llNO.,-NII.}NO.,. 

Sodium Nitrite. 

■■ NaNCT. ■ 

93 . Place 20 grs. of sodium nitrate in a tin dish and melt 
o'.’er a bunsen llame. Add 60 grs. of lead jiarings and continue 
heating and stirring till nearly all the lead is converted to litharge. 
Allow to cool, lixiviate and allow the clear liquid to cryslaliise. 

NaN Oo -i- Pb - NaNCXE PbO. 

Sodium nitrite crystallises in deliquescent prisms and is 
largely used in the preparation of dye stuffs. 

Estimate the nitrite by jiotassium permanganate (see par. 257 ). 

Lead Nitrate. 

Pb(NO;0a. 

94 . Wash the residue (litliarge) obtained in the last experi- 
ment with hot water. Place it in an evaporating dish and add 
nater, st«ir and add nitric acid in small portions till all the 
litharge i.s dissolved, keeping tlie solution hot during the experi- 
mcru, and tlie hulk of liquid constant by addition of water, 
kh’aporate tt) dryness on the water-bath. Dissolve in water, 
filter, add a few c.i's. of nitric at'id, evaporate till concentrated 
and allow to crystallise. 

Id >0 + 2 1 IN O;, Pb( N 03)2 + I-IyO. 

I,.eaii nitrate crysttiJlises in regular octahedra, and has a 
sokibilitv of 50 at ordinary temperatures. 
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Hydroxj’-lamine Sulphate. 

(NlhOIl)o. lh.SC),.’^ 

95. IDissohe 75 grams sodium nitrite and i^o gTams crystal- 
iised sodium carbonate in as little ice water as possible, and 
pass in siilphur ilioxide until the solution is just acid, stirring 
well and keeping the liquid at 2-3° below zero by immersion in 
i(e aral In-ine,. d'lie nitrite is completely converted at this 
temperature into sodinni oximidosul])houate. 

NaNO. + NajCOnP 3SO .,+ 1 loO 

HO.“N(.Sa;Xa),H- NaHSO;j + C().;. 

Adti a lew drojrs of sulphuric' aeid ; the temjicrature rises, 
owing to hydrolysis of tin' o\imidosul))honaU' into oxamido- 
sulphonatc. 

Ihd. X^.S(VNab + IJ./) = HO. NH:SO.;Na) + NaI]S('),. 

Heal slowly to 90", anti keep the soluiiim at 90-95' for two 
day.s, to coinjtlete the liydrolvsis into Ityciroxylamine sulphate. 

HO. NH/SOaNaj-M-LO-NI-I.,. OH-fNaHSO.1. 

'Hie liquid must not be boiled, or much of the hydroxylamine 
will be destroyed. To ascertain whether the change is com- 
plete, atld excess of barium chloride to a small portion of the 
iitjuid, filter, and boil the filtrate with a crystal of potassium 
chlorate, to convert any sulphonate into sulphate. If no further 
precipitate is obtained, the hydrolysis is complete; 

Now neutralise the solution with sodium carbonate, using 
mt'thyl orange as indii'ator, and evrqmrate till the liquid wciglis 
ygo-S-co grams. Ctjol to 0° or - 5", when nearly all the sodium 
sulphate will crystallise out. Filter, wash the crushed crj-stals 
with a little ice-wattu', and evaporate until the liquor, cooling 
to llie nKjin tenijicraturc, gives a large quantity of hydroxylamine 
sulphate. Evaporate (he mother liquor carefully, separate 
Hodiurn sulphate as bcTore, and then obtain more hydroxylamine 
sulphate. Purify the latter by rccry.stallisatiun. Yield tjf eriuie 
hydroxylamine sul])hate, alrout do grams. 

The sail forms large, nun-deliquesronl crystals, soluble in 
three-quarters ol' its weight of water at 20" C. The free l)use is 

1 Divers .and I liiga, Trims, Chem. Sue. (1896), 1665. 
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nikaline in reaction, and is a strong reducing agent, pi'ecipitat- 
ing gold and mercury from tlieir suiiuiuns, and ••uprous oxide 
frt)in c:uj)ric salts. 

Copper Acetate. 

(CH;..C(, ) 0 ).,Cu . UX). 

96 . To a solution of copper sulphate, made by dissolving 
20 grs. of the salt in water, add sodium carbonate to precipitate 
the coppter as ]3asic carlronate. Filter by suction, wash well, 
transfer to a ];)orcelain dish, and warm with acetic acid till dis- 
solved. The acid should be diluted beftjre use, and added in 
slight excess. Evaporate till concentrated and allow to cr> slal- 
iise. 

t:uCO,ri- x.; n;,C( i - (c ii X'ot ))j::u + i-ix) + co,. 

Cu(J) M;,;-!- 2C I ;'C 1 ],0 ) 0 '),.Cn ■•{- el-i J ). 
t..'o]jper aceiate is nsed as a mcji'dant, chieily in the form ot' 
3erdigns. a l^asic coj^per acetate ap])roxiniately of the formula 
sCiu'ChIh.O,;);;. CuO, bill of i-arying compoisition. This i.s also 
used as a green pigment, hut is not good, the colour being 
altered Viy moisture and light. 


Antimony Trichloride. 

SbCk 

97 . Place 50 c.cs. of concentrated hydrochim-ic acid in a porce- 
lain dish and add in .small piortions 30 gr.s of antimony trioxide, 
stirring during tire addition. Heat gently and then boil till 
excess of acid is drii’cn off and a drop of the liquid solidifies on 
cooling. « Transfer to a retort fitted with a thermometer, and 
distil. When the temperature reaches 200“ C, collect the anti- 
mony trichloride in a dry receiver. 

SI 1 . 0 ;, + 6 H Cl - 2 .S bCl, + 3 H . 0 . 

Antimony triHiIoride i.s a deliquescent white crystalline sub- 
.stance, melting at 72' and boiling at 223". It deciinipo.ses in 
water, but dissoh'cs in alcohol unchanged. It is known as 
“iHiftrr of antimony." It may be rry.stalli.sed from carbon 
disulphide. 
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Ammonium Sulphide. 

(NILjVS. 

99 . Trike 50 c.cs. of <880 ammonia and dilute to 200 c.cs. 
Divide into two equal parts. Saturate one with .sulphuretted 
hyclroj^en and add it to the other, 

N H/)H + H.,S - NH,SH + I-LO, 

NH^S H + N ]d,iOH = (N H,,)^S + H.O. 

Aininoniuni sulphide is u.sed as a reaprent, but for thi.s jiurpose 
it is .qeuendly best ]ircpared by adding ammonium hydrate to 
the 'solution to la; tested and passing a few bubbles of hydrogen 
sulphide' tlirough the mixture. 

.‘\mn)oniuui sulphide decomposes on standing, liberating 
ammonia and .sulphur, the latter dissolving in undeeompo.sed 
ammonium sulpliide, forming a yellow solution. 


Silicic Acid and Pure Silica. 

98 . In a dry half litre llask htted with thistle funnel and 
delivery lulre ])laee ti mixture of 20 grs. of fine .'=;ind and 25 grs. 
of ];owdered fiuor spar. .Allow the delivery tuhie to dip just 
below tlie surface of merairy (about i in. de<']i) contained in a gas 
iar, lliive the delivery tube perfectly dry. Pour watc'r b'> in. 
deep; on the, surface of the merf'ury. Down the tliistli' funnel 
pour strtuig siiipliuric acid and shake the fitisk to ntoisten tiif; 
whole mass. (If any of the mixture at the Iwltom of tlie llask 
rcm.'iiiis dry, the iktsk will proljaldy crack on hetiting.i Meat 
the llask on a sand-ljath. .Silicrm tetniiluoride is given t)ff, 
and liuiibling through the mercury is decoin])os<‘d by the water, 
forming u precipitate of silicic acid and Ictiving in solution 
hydrolhio-silicic ticid. Filter, dry the precipitate and lieat 
strongly. Ihire silica is left. The filtnite may 1 .ie u.sed for the 
preptinuioit of barium lliiusiliciitc. 

•’CaFn + 2 — .aCaSO,, + 4H F, 

4 H F F SiOa = Si -i- 2 H .p, 

3SiF, 4-4MP = H,jSiO,i + aHySiFo, 

H.tSib, = 2Hp + SiO.J 
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YeDow Ainmotimm Sulphide. 


iOO. Pour the uolnuHess snkuiun of ammonium sulphide, as 
pveparrd ;!l)ove, 01 , er sulphur standing' in a tilter paper placed 
hi a funnel. 'I'lie sul}>hur dissolres, forming polysulj'hides of 

ammonium. 

The poi\ sulphides are de(:oin])ose«I by acids and .snlplinr is 
precipitated: ^ 1 

f'Nl 1 + allCh-.rN If ,(;i t-ll.S + .rS. 

Veilow atuinouiliin sulpiiide is used as a soixent to remove 
tin sulphides of arscnit, anlimony and tin from those of the 
other metals of the eoppi'r grouix. 

Cadmium Sulx)hide. ; 

CdS. 


(Cadmium Yellow.) 

101. Dissolve 10 grs. of cadniiurn sulphate or chloride in 
water and pass .sulphuretted liydrogen through the solution. 
Wash the precipil.ate xvell and dry in the steam oven. 

CdSO^T I-L.S == CdS + HySO,. 

Cadmium sulphide has a ]3ure yellow colour and is not 
precipitated in .strongly acid .solutions. Owing to the liberation 
of acid during precipitation a further precipitate may be obtained 
on dilution of the filtrate. 

Cadmium .sul]iiiidc; is used as a yellow pigment (cadmium 
yellow,!. The colour is permanent, unlike that of chrome yellow 
(lead chromate) wlrich is blackened by sulphuretted hydrogen. 
The cokiilr becomes deeper, ajiproaehing orttugc, as the sti'ength 
of the licit! i.s increased in the solution in wlilch the .sulphide i.s 
precipitated. 

Phosphoric Acid. 
li.,lT),. 


102. I'liKT; to grams of red phoH}»horu.s in a ]ior<'elain disli, 
eos'cr u'ith \sater and add roncentrateii nitric acid of otpial bulk. 
I'l.'ire ill the fume cupboard and warm gently, (.iopiuus red 
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fuiiK - will bo cvoilved. When the arbusn inocleratoh ndil uiu'ir 

id. if necessary, in small (juanlines till all osidafinn ctaea-s. 
H(;ii tu drive off excess of nitric: arid, dilute tlie syruicy iicjuitl 
’.vitii n-.urr. Alter and evaporate dll the temperature readies 
.too' C. .-M^out 25 grs. (ff syrup of si), gr. 1-85 will Ije obtanied. 

Sodimn Phosphates, 

105 . I'lnasjhorir acid is tribasic, and fonus three distinct 
dassc-', ntdahs, which may be ubhiined as iollows. 

DlSUPlUM HVOKOCiKN 1 *iU)Si’!IATK 

Tabe suiue syrupy phosphoric ac iil, dilute witli wiiti'i' and 
divide iiUn tliiec equal parts. 

To >ine part ruld sodium hjalratc solutuiii till a drop taken on 
the end of a glass rod is just alkaline to lilmns. The sohition 
nu'A I unt.ons disodinm hydrogen pi\^^^pb.;llt'. t rysudlise. 

File amount of sodium hydrate solution reipiired Icir neutra- 
lisation ‘•iiunld be noted. 

M;jPO,j + 2 NaO 1 1 = N a.^ H Pt ) 2 H A). 

MONO.SODIUM HYDROGKX PitOSPH.VTE. 

d’o a scctmd part of the phosjdmric acid solution add half tlie 
quantity of scidium hydrate solution used in the last preparation, 
and crystallise. 

HaPO^H- NaOH = Nal I J-’O., -F MX). 

Trisodium Phosphate, 

To tlie tliird part add three times the ciuantity of sodium 
hvdrale tuscd in the last preparation, and crystallise ilic normal 
phosphate. 

H3PO4 +3NaOH - Na,PO., + 3 H, 0 . 

'Phe disodiunt phosphate is the common ’phos]'<hate of soda, 
and crystallises in large monor.iinic prisms which contain 12 
molecule.s of water of crystaili.satiun ami are efliorcscent. 

The luonosodium phosphate forms large rhombic crysuds, 
conlaining q molecules of vvtiter of rrystallisitlion, .and liaving 
an acid reaction. 

The normal phosphate cry.slailises in tliin six-sided ]>rism.s 
tctnttiiniug 12 molecules of water of crystallisation. Its solution 
lit water is strongly alkaline. 


flH.KSPIiATES. 


W hc!i lie.iled tlif. iirsl yields sodiuiu pyruphospji;ite, 

Na2HP0^-=NajP20. + H2Q, 

.■md tlic second, at 204" sodium hydrogen pyropliosphate, 
sNaH.POj^ Na.^H.l\p..+ 

At 240 this loses the remainder of its water, yielding sodium 
juf-taphosphale. ' , 

NaH. PO,5 == NaPO-j + H.O. 

Microeosmicj Salt. 

I'Salt of P]itjs]ihorus', NafN 1 1,dl POj , 4M^(). 

104 . ( ah' ulate Uifderular proportiems of sodium jjliosjdiate 
nystals and ammonium rliloride tf> make jtxj grams of the 
liiiMiu'c. LMssoIa’c the sodiiui'i pliosphaK' hy .adding in jKirtions 
to joo c.cs. of Ixjiiing water in a Hash which should Ije shaken 
(luring Holulion. Add tiie ammonium chloride, dissolve, liker 
h necessary and allow to fa'ystallise. Hy fractional crystallisation 
free the substance from sodium rldoride. 

NajjH PO,i A N H^Cl x\'a(N PO., + NaCl. 

Microcosmic salt ('sodium hydrogen ammonium ])hosphate) 
cryslailisos with 4 molecules of water. It is efflorescent and 
when lieated leaves sodium meUipliosphate. The fused meta- 
phosphate unites wiili metallic oxides, forming orthopliosphates, 
some of which are coloured, and is tlierefore used as a dry test 
for metals. 

Na( hi j )H 1 'O., - NaPO;, + N H, + M ,, 0 , 

NaP{>.j + CuO-r(hiNai'0.. 

(blue bead) 

Sihea is msohiljle in a inelaphosjjhate be.a(L 

Arsenic Acid. 

AsO.;OH).,. 

105 . In a ]t,'dj-lil)-e retort place 50 grams tirscnious oxide in 
f-mall imiijr-., and 50 r.cs. strong nitric acid. Direct the retort 
neck upwards to ad as a reflux condenser, and connect liie end 
by mean:- of a glass ttibe with a small flask immersed in ice 
water, in whidi the nitrous fumccs rn;iy be condensed. J-leal 
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t1,r- vrtors ii(=ni.lY a snnd-bati! tinlil ih. more fame^ are e^■oi^ wl. 
iVur oiYtite e\ai)orale lo dryness and test l!m resid.ue lor 

avsmnoas ari<i. If nresent aild aqua reqia and aqn,in evaponne 
n-> drMU-.s nntil free from arsenious and. Dtssolve in hot wmer 
■uhI ■lo-ir. eoqiorate to drvness to c-x]rel nitric and. ! he 
rtsidu? ran ihni bn rrvstalHsed from a little hot water, it 
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forms tnu-.spareni crystals havinq the fonnuia dEAsO, . HdX 
q'ho^e moh at ic-ol qivinq off the crystal water, and lea\ inq a 
white ('i-ystalline powder of orlhoarsenic acid, H.Ast)^. ^ 

' *Ks;unirui the dark-blue liquid which has condensed in die 
small llask. it contains nitroytm Irioxide and tetroxide. Pour 
it into n,ld water, and test tire solution for nitrous and nitric 


Sodium Arsenate. 

Na.HA.sO,,. i2lTp. 

106. At} To the arsenic acid obtained in last experiment add 
a .sliqiitCxcos.s of sodium carbonate: filter, and evaporate the 
solution at .a tempe.rature not exceeding iS'C. The crystals 
obtained ha\e the abo\e com |io.-^i lion, arc isomorjihous with 
MHlium phosphate, Xa dlPO.^ . lei I./l and eilloresc cut. At 
.^o' and higher tem])craturcs the crystals contain only seven 
molecules of water, and are not eflore.scfmt. 

(hi Place ::o grams of white arsenic in a porcelain dibit, add 
water, and .sodium carbonate solution in sliglit excess. A lien 
all is dissolved add a solution of 15 gram.s sodium nitrate, 


n.ATLN!»' ('ill.oRif.tJ.; 


t\a]'oi:itc to drym-s;- and iv^nitr in a <'lay '-nKibh'. J)i''SuIve 
(iir naddiK- in watvr, jilicr anil i rystalll.M’ as abovn. 

Sndinrn arsenate- is readily soliililt- in rsater, and the snlntioii 
ha-, a ieeble a!kalin>" veadion. It is used in dycinij' alizarines, 
aiiil ill ealieo-prinlin^;. 

Silver Niti'ate. 

I’Fniin Silver Residue',,) 

107 . .'Vdd stronj.^ hydrurhldrie at id fu the residues, allow to 
settle* jKiur tii'f the elear lii|nid, Itlli'r, wash nell and dry. Jvlix 
the di')' residue with luur times its \\ei;,;iit of fusion mixture 
ti)_L;ether with half its weight of potas.sinrn nitrate and place in 
a tneeiav eniribir. 1 le-al stron”]) in a furn, ■!(.(', pour on to ;in iron 
]i|.ite and allow to coed. Ke-niuve as niaeh caihonau* from the 
button a.s possible by .serujtinp, and boil the sib’er witli hydro- 
cliien-ie aeitj to dissolve any rcniainiti^ carbonate. 

Dissolve titc silver in nitric acid diluted with lialf its volume 
of wtilcr. Evajjoratc to drj-nes-s to reniox’c nitric acid, dissolve 
in distilled water, filter and allow to crystallise. 

Silver nitrate f6rrn.s larye colourless rhombic plates vhicli 
melt at 218" C. and resolidify on cooling to a white fibrous mass 
known as lunar caustic. .Silver nitrate is used largely in 
analytierd and photographic work, and is also em]>lo5'ed in 
medicine and for marking inks. 


Platiiiic Chloride.^ 

(From Scrap I'iatinuin), PtCl.]. 

108 . vScTa]') platinum, which ma.y contain iridium, o.smium, 
oir., is dissolved in aqua regia, and the solution evaporated to 
dryue.'.s t tlie residue is dis.sidved in inoclerately strong hydro- 
chloric acid, and again evaporated to dryness. The dry chloride 
is now tlissoUcd in hot water containing some hydrochloric 
acid, ;md a huge cxces.s of caustic soda added. 'J'hc iitjuid is 
boiled for some time to reduce the higluT chlorides of metals 
other than jiiatinum, die latter remaining in the platinir condition, 

'Thorpe, Quani, i,'hi'in, Ana/., Aptii-ndix. 
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,! Iru’ drops of alonhoi an* addfd to destroy any sudiiun 
j)iH hlorita that may bo. formed, 'i'hc precipitate is retli.^.ioU etl 
in hydrochloric acid, the liquid Altered if neces- 
•sary, and a hoi, saturated .solution of aintrionium 
chloride i.s added so lony as a precipitate forms. 
This precipitate consists of tunmoniuni platinum 
chloride, and &lie,u!d lie briphl yellow in colour. 
It is \va.shed by decantation, liried, anti gently 
heated in a curremt of dry liydrogen. The 
reduced metal sliould then be weighed, dis- 
solved in aqua regia, the .solution e\a])orated 
to expel nitric acid, and then made uj) to a 
definite volume, Tlu* .strength of ihi." .solution 
is thus approximaleiy known. 


Purification of Mercury, 

109 . Allow the mercury to fall in a succession 
of small drop.s from the end of a funnel through 
a long' column of dilute nitric acid of spec, 
grav. -lu (15 per cent. HNO;j, made by mixing 
I . part of strong acid with tin ’ee of water). 
Syphon off the acid, wash the niereury several 
tvvith watej", syphoning oft* the water, iand 
then: dry the mercury, first with blotting paper, 
finally on the steam pan. 

A mercuiy purification tube may also be 
(Fig. 31). 'Hie bottom is first filled with 
pure dry mercury, nitric acid i,s introduced,, 
and the stream c'f impure mercury started. 

. . . .Thic process ■ is then automatic, the purified 
inert ury syphoning over into a receiver, in whit.'h it may be 

. I-,. . I.,.---*!,..,- ' 

: of mercury is that of 
in a g’las,s ' retort.' Pure 
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B. CARBON COMPOUNDS. 

Methane. 

(Marsh Gas), CH^. 

110 . This gas may be ol;)tained by Iieating anhydrous sodium 
aftauite with caustic alkalies. 

NaVc.HA+N.aOH-CH4 + NaX 

Mix together to grs. of freshly-fused sodium acetate and 
p grs. of granulated soda-lime, which has been previously 
heated and allowed to cool in the desiccator. Place the mixture 
in a hard glas.s test-tube or flask, heat carefully, and collect the 
gas over water. About 2 litres of gas will be evolved. 

Show tlu'it l)roniine water and pola.s.siiun pennangniiiite are 
not affected by the gas, by adding these reagents respectively 
to two jans of the gas and shaking well. The gas is therefore 
saturated. With a third jar show that lime-water i.s not affected ; 
then burn the gas, noting the appearance of the flame, and show 
that carbon dio.xide is jjrocluced. 

CH}-l-20,. = C0o-f-2Hp. 

Pota.ssmni Ethyl Sulphate. 

CoIIfl. K..SO,j. 

111. 6o c.cs. of alcohol and 25 c.cs. strong sulphuric acid are 
mixed carefully in a half-litre round flask. Much heat is de- 
velopcfl, and ethyl hydrogen sul]»hale is formed. 

’ C’.,lIfr)T-l -h II.BO4 QH . . II . SO,i-t- H.O. 

As this reaction is reversible, it Is incomplete unless a large 
exce.ss (jf either alcohol or .sulphuric acid be irsed. As the 
rerno\ai of much .sulphuric acid from the product would ].)e 
iroublcsoine, excess of ak’ohol i.s enijiloyed, the above c[uantity 
hi-n\g twice that theoretically repaired for 25 c.cs. of acid. 
!!(‘;U the iht.sk for 3 hours in a boiling water-bath under a reflux 
condfuiser, 'i’h<' mi.xtnre n<5w contains much ethyl hydrogen 
sulpliate aiul water, together with some free sulphuric acid and 
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.il< ul;.)!. Cool the flask uiulor the tap, and pour the liquid inU) 
(olil VvHter in a large flask or dish. Ncujtrali.se v,ii.li ehalk or 
luniuu earhonate. 'i'his pveeipitates itisolulile calcium or 
hariuin sulphate, while the calcium or bavimn ethyl sulphate 
is lett in Lsnlution. h ilter and evaporate to (..tysiallising point, 
tjoimirless crystals of the salt 

db! 1 ,.,. S(),,;./ra. aH.p or I't'.dir,. SO,b]'Sa . 2 H.jU 
are obtained. 

I t) prej)are ih(* potassium sa.lt Irurn ilicse, dissolve in vvatt t 
anti add carc*fully to tins .solution, or tt!) the iirothci lic|ut.)i, ,,1 
dihitt* solut!')!) of potassium carboiiaic, until no fui, thei pieci- 
pitate of cnlciinn or liariiim carbonate is produced. ( >n. 
evaporating the filtered liquid colourless tables of the anhydrous 

pt.ta -.siuui sail, Cd l.v K . .SC),, are obtained. 

Rk.VC'I'IONS. 1. Heat a lew crystals of the ])Ot;t.ssivnn salt in 
a dry test-tube.^ 'I'he. salt melts and then decomposes, giving 
off elhyUnie gas, which can be ignited at the mouth of the 
te.sL-tuhe, and leaving a residue of pf)tas.sium bisulphate. 

C.,H,,KSO,, C,H4+KHS04. 

2 . Di.ssolve a crystal of the potassium salt in water ; add a 
little dilute hydrochloric acid and barium chloride. There is no 
]irecipitate. boil for a few minutes. A white precipitate of 
barium .sulphate is gradually formed, as ethyl sulphuric acid is 
hydrolysed by boiling water. 

CbH.,l-l .SO.,+ HaO CaH-PH + HaSO,^. 

Ethylene. 

(Olefiant Gas I, CaH.j. 

112 , 'I’be most convenient method is the action of sulphuric 
af.id on alcohol, 

30 c.cs. alcohol are placed in a . 1 -litre flask, and 80 (M-.s. 
concentrated .sulphuric acid carefully mixed willi it. Home s.-iud 
may he added to ditninish frothing during the exjjcrinmnl. 
The flask is fitted with a thistle- funnel or tap-funnel pas.sing 
below the surface of the liquid, and :i delivery tube. The gt>s 
shoultl be washed by'p:tssing tbrougli one or two wash-boltlcs 
containing caustic sOda solution, and collected over water. 
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'i'hc inixtuR' ib carefully healed on a sand-lwlh, tlic iliime 
beins-i turned luw a^ soon as gas lutgins to be cx'oivcd, ;U a]:>out 
540' C. To (’iintinue the supply of gas, a mixture of equal 
\i)lunie^ of stnong sul[)liuric arid and alcohol may be added 
skmly from the tap-funnel. 

CJl.OH -l-]l.,SO,j-C.JI.,. MHO, + ILO. 

' CoH- . HSO,- 1LS< )j. 

(\)l!ect several jars (»f the gas and .show that it decolourises 
bromine and poiassiuin ])ennang<anale ; tlie gas is nu.salunued. 
Sh<iv. tliat it has no attion on linic-avatcr, but forms carbon 
dioxide when burned. 

C^lI.,4-3<,)j;==2Ct.C4-3HA). 

Ethylene Dibroniide. 

113 . This may be ].>rcp;ircd by absorbing ethylene gas in 
bromine. After collecting the gas required in la.st experirnent, 
iillow the supply to pass into two glass wash-botlle.s, the first 
cont.'iining 20 c.cs. (60 grams) and the second 10 c.cs'. of 
bromine, covered witli water one inch deep. These wash-botlle-s 
should be kept cool in a trough of water. The Irromine is 
gradually decolourised, forming a heavy colourless oil. Transfei' 
this to a separating funnel, sepanite from the aqueous layei', and 
wa.sh tlie oil with caustic soda until all flee bromine and hydro- 
bromic and sulphurous acids are remo\-ed. The oil sliould now 
be colourless. Transfer it to a small Ixrlenmeyer flask, add 
some anhydrous sodium sulphate to dry it, coric the dusk and 
allow to stand over night, 'fhe oil may then be filtered into a 
small di?,tilling flask and distilled. B, pt. ijC-S C., sji. gr. 2-17 
at 20 ' C. 

Acetylene. 

C,,l-!o. 

114 . (/r) From ethylene dibromide, by the action of alcoholic 
poui.sh. 

C J -1 1 Ir. + 2 K OH = CH U + aKBr + 3H.3 X 

In a small flask ])lace half a stick of caustic potash and 
10 c.c.s. alcohol and .shake gently until the potash dissolves. 


il 
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Tlu n atlu .’.'3 c,('s. ethylene ciihnmiitle and warm Rcntly, eolleci- 
iu;4 tilt' evtjl'.erl aeetylene over water. Examine it.s behaviour 
v.ith jK'rmanj^anfite and bromine v\aier, .lud on burninc;;. 

•E Fi'oni calcium carbide by the action of water. 

CaCa + 2 H .O ==• Ca ! I .j Cm; t ) H u . 
ria' (■ .'.•anie piece.s of carbide in .a .'^niall di.stilling' tlask fitted 
with tap-funnel. From the latter allow water to drop slowly on 
to ;i)e ( acf-hide, when acetylene will lie rajiidly and romimKuiHlv 
r-.oi'.f'-l. ’i’lie gas may be collectt'd o\er water, aiul its j)r(e 
iu-rtie-. exaniined as above. 

If ■ l'’r(im cujn'oiis acetylide. See below. 


Guproufcs Ac3et;7lide. 

. CFCuo, 

i.'i^^oh.e a little enpruus ebUu-ide (par. 55 } contained in a 
•“.iu.dl til de, in a slight exces.s of ammonium hydrate, and .'iliow 
acfctylvne to enter. dark red-brow jj precijiittue i,s produced, 
cunsi -ting of cuprous acetylide. 

CiuCla E CgHo = C.ci/.u -1- 2 1 1 Cl. 

1'iii-. preeipitate is stable in water, but is very explosive when 
dry. Allow tin: precipitate to settle, and wash by decantation 
with cold w’ater. Nearly fill the tk^■^k with dilute hydrociilf)ric 
acid, attach a delivery tube, and warm gently. Acetylene is 
evolved. 

CaCiu+2HCI Cu-Cl.,. 


Acetylene Tebrabromide. 

ai-labrj. 

115 , .Acetylene unite.s with bromine to form a dibromide and 
-1 teirabromido. : 

an.^ + nra==aH.d3r.; ; -I- br, - (FH dh'i. 

In the apparatus used for pn-paring ethylene dibromide, 
deeol.iurise a .similar quantity of icoimine with acetylene IVom 
I .ihiiim carbide, and ]»urify the lietivy oily tetrabromide a.--, for 
tlie (-tiiylene <'oin)M)und. A colourle'-s liquid is ubta.incd, of 
sp. gr. at 21-5, 4^2-9629 and b. pi. 1 iq” at 12 mm. 
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GRAVE SUGAR. 


Ethyl Alcohol. 

116 . Ordinary alcohol is manufiictured Irom starches, by 
converting those first into glucose and then fermenting (he 
latter with yeast. 



Grape Sugar. 

(Glucose) from Starch. 

Mix 20 grams ot potato starch to a thin CTeam with cold 
water, and i.)uur tins into about a litre of Ijoiling water contained 
in hirge tlask, Tninsfer about too c.cs. to eacli of two smaller 
tlasks anti allow to cool to 30-40" C. 'I’o die main ])ortion add 
5 r.cs. dilute sulphuric acid and lioil gently on a sand-halh until 
a tew drops of the liquid, diluted with water in a test-tube, give 
no blue (starch) (jr brown (riextrins) colour with a drop of iodine 
solution. The starch is then completely hydrolysed into grape 
sugar. , 

( HoO == jgO,; . 

Neutralise the sulphuric acid with chalk, filter and evaporate 
to dryness on the steam-bath. 

To the two smaller portions of starch solution add respecli\'ely 
a little diastase and a little aqueous extract of crushed malt, 
which contains diastase. Trace tlie change into gmpe sugar 
as above, and then add to the tilteretl main jjortion and 
evaporate. , ' ^ 

Re.vctions. I. Heated in a dry tube, grape sugar melts 
readily, gives off water, and then chars, evolving combustible 
gases w*.th an odour of burnt sugar, and leaving a residue of 
carbon. ■ 

2. Heated with strong sulplniric add, the mixture turns 
yellow, then hroun, afterwards charring and evuh-ing .sul]')hur 
<lin.\ide and carV)on dioxide. 

3. Gr:i]n', sugar reduces Keliling’s solution cm warming, giving 
a i‘c(I pi’ccipitate ol cuprous oxide. (Distinction from cane 
sugar.) 

4. Ammoniacul silver is .also reduced, giving a silver mirror. 


i 
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Alcohol. 

(From Grape Suyar.) 

117 . lao grains of commercial dextrose, or the siil),stance 
jirepared as in last experiment, is placed in a flask or bottle, 
dissolved in 750 cxa. water, and 20 gTams of yeast, mixed to a 
imiforui cream witli water, then adcU'd. 1 ennemtation soon sets 

in, and proceeds most rapidly 
about 25'’ C. .Attach a deli', cry 
tube to the fla.sk and show 
ruirs that the gas evolved is caiTion 

ir W QH,A-2C.,1-TvOH + 2C02. 

) Wlien the evolution of gas 
ceases (arrange to leave over- 
( y\ 1 ’ filtered liquid, 

/ \ 1 )> \-k tising a Young or Glinsky frac- 

r Ay 4 = V/ column. Collect in 

Xk ■ L the first distillation up to 95“ G. 

' .i.. AjL Y\bout 75 c.cs. of dilute alcohol 

^ Y_/ will be obtained. Redistil this 

yj/' ■ I ' ' C } portion and collect up to 85° C. 

r j ' ~l ' Cl This will give about 50 c.csi of 

"■V '■ j " alcohol, which may be further 

|1 ■ . . Vy dehydrated by adding a few’ 

' 4 = ' pieces of quick lime. 

. 11 YMcohol is a colourless, pleas- 

N / ant smelling liquid, boiling at 

A y 78°-3C. and of sp. gr. -793 at 

a b cJ 15“. It mi.xes with w'ater in all 

proportions, evolving heat. 

RK.\f'Tio.\s. r. Ethyl alcohol burns w’ith a pale, slightly 
luminous flame. 

2. Gn mixing with strong .sulphuric acid, cthjd hydrogen 
Kulpliate is formed with evolution of heal. On warming, the 
mixture gives off inflammable vapours (ethylene, ether, etc.). 

3. When warmed with strong sulphuric acid and .sodium 






ETHYL BROMIDE. 


mixture of alcohol and potassium or sodium brrimido with 
sulphuric acid. 

CoH.C) H + HBr = C2rr5Br+ HgO. 

In a half-litre distilling flask (Fig. 33) place 25 grs. (30 c.cs.) 
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alcohul and 50 grs. (28 c.rs.'^ Hlrong sulphuric acid. Mix well 
and codI under llie lap. Then add 50 prs. coar.sely ])owd(;rt;d 
pi'itas'^iuni brotnide, and warm peiuly on a sand-balh. Klhvi 
bromide distils and is condensed in a long condenser, on the 
end of whi(']i is placed an ada}3t,e‘r, whicli di})s just under the 
sni'iace of water in the receiver. 'The oily drop.s of ethyl 
bioiniifi siiik to the bottom of this water, and when no more cal 
is ohiained the optaulion is finished. Transfer the contents oi 
the rereiwr to a separating funnel, wash the bromide with dilute 
sodium t aiTiuiiate solution, then with water, and pilace in a dry, 
well-coiimd llask with a little anhydrous calcium chloride or 
sodiimi riul])hate. .After standing overnight, or for at least six 
hours, decant or tilter into a small distilling flask and distil over 
a '-mall naked flame, placing a few chips of porou.s plate in the 
liquid. Collect as ethyl bromide the fraction boiling" at 35-40“ C. 
Yield 40 grs. 

Ethyl bromide is a colourlo.ss, ethereal smelling liquid, in- 
soluble in v,'aler, hut miscible with alcohol and ether in any 
proportion. B. pt. 38-8° C. ; sp. gr. 1-47 at i5"C. 


Ethane. 

QHfi. 

(Frorh Ethyl Bromide.) 

119 . By replacing the atom of bromine by one of hydrogen, 
the hydrocaihon ethane is obtained. 

CTIftBr + 2H - CJl,5-h HBr. 

This may be accomjflished by using various reducing agents. 
In a small flask (100 c.cs., Eig. 34), place a mixture of 20 grs. 
zinc I hist and 2-3 grs. pouderecl copper oxide. Fit a t\yo-ho]ed 
stopjx-r to the flask, carrying a long straigiit calcium chloride 
lube and a ficnt tap-funnel. From the upper end of the caU'ium 
chloride tube, nhich is to Lie filled with cop|aered zinc, a delivery 
tube is connected to the collerting trough. 'I'he copjxu'cd zinc 
is preptired by jilacing a sufficient quantity of granulated zinc in 
a <iilute solution <4 eop]H>r sulphate, until it becomes coated with 
copper, tlnm na.sliing with water and tinally with alcohol, dlie 
object of this tube ofcopjiered zinc is to remove vapour of ethyl 
bromide frotn tlie ethane. 


.. 
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over \\'ciler. Examine its properties as for methane, and com- 
pare \fith those of the hydrocarlmns already pre]>ai-f;ci. 

By this metliod also methane may be prepared from methyl 
iodide, 

CH3l + CH30H-{-Zn = CH,}-|-ZnI(0CH.;), 
ethylene from ethylene dibromide, 

C2H4Brj> + Zn = + ZnBn.. 

Oxidation of Alcohol. 

120. Alcohol may be oxidised by the moderate action of oxi- 
disins' ag«nts, producing first acetaldehyde and then, by further 
oxidation, acetic acid. * ; ^ . 

C.H3OH + O = CH.,CHO + HX), 

CH3CH0 + 0 = CH.. . COOH." 


Acetaldehyde. 

CI-ls.CHO. 

In a tlask of i'5-e litres capacity (Fig. 35 
coarsely powdered potassium dichromale and 



the flask, and the distillate should (jccupy 180-190 c.cs. The 
residue in the flask may he used to obtain chrome alum. 

This distillate is a miNture of aldehyde, alcohol and water, 
and may I'>e tested foi' aldehyde as follows : 

REtcTJONTs. I. \\hu'm with arnmoniacal silver solution in a 
test-tube placed in a beaker of hot wiitor. A mirror of metallic 
siKer is })roduced. 

+ (acetic acid). 

3. Apply the ifjdtTorm test t'par. 117 , 5). A yellow pr(;ci]flln(c 
f}f if>doforia is produced. 

3, Add a few drops to ,'i small quantity of a saturated solution 
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The flask i-. placed on a sand-bath, and is fitted with a taj)- 
fiiiinel and connci'ted nith a yood condenser and ;i i'ccei\’er 
cooled in i<'e water. From the funnel introduce a ('ooled 
mixtureof fioo c.cs.) alcohol .aticl 184 qr;;. (too c.cs.) strong 

siilpimric acid, 'i’he dichromate is reduced, as shown by the 
darkening of colour, and suiilcient heat is evfflved to cause 
the aldcliyde tf) di'Ail. When the first reaction snbside.s, heat the 
lifjiiid and continue tlie distillation until all aldehyde has passed 
o\t:r ; ;i<i smell of aldehyde should then be detecteil fm opening 
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:nin liisiilpliitc: and shake well, 
impound, CH.CH . OH . SOgNa, 


A while, crystalline addi 
, sepai'ates on stantlinst- 


■Aldehyde Ammonia. 

121. I he aldehyde obtained above may be purified liy cfm 
version into aldehyde ammonia. 

CH.,CH0 + NIL = CH;,.CH<^];5 . 

lo the flask containirig the impure aldeiiyde connect, Iw 
means of an adapter or Iw inrlinim' itio il.r,ct- :i < V lit, 


(fig. 36), llic iijrper end of whicli is conneclod liy a glass lube 
with a 100 c,r. iiipctte, which ]jasses nearly to tin; licjiiorn of 
the lir.st of two siiiall wash bottles connecletl in series, 'Fhese 
last romain each ahnm 35 r.es. of ether, and are kept cool by 
-Standing in ice water. 'I'livougb the condenser a stream of 
wale)' ai 30-40" C. Iknvs. I’larc a few pieces of broken pot in the 
tlask, and boil the liquid gently until all aldcbydo ha.s passed 

!!. KC. F 





PRACTICAL Cl [ E M 1 ST K\- 


n\cr ini<i the ether. The water and alcohol are condensed and 
ret nrned to the flask. 

!now saturate this ethereal .solution of aldehyde with anmionia, 
by passing; the dry s^as (see par. 33 , Fi”-. 25) tliroiis^h the ])ii)eite, 
still i'.eepini^ the u'ash bottles in ice water. After a short time 
colourless crystals of aldeliyde ammonia se.]3arate. These may 
be tillered at the jiiimp, washcxi with a little etiicr and dried. 

To rflnain ])uni ald('hyde from this substance, place it in a 
small tiiisk, cover with a cold mixture of equal volumes iT 
sn!]>huric acid and uater, and distil from a water-bath, collectin" 
the aldeliuk in a widl-cooled receiver. The distillate may bo 
dei.'vdrated ovei- ('ah'ium chloride, and again distilled from this. 

I'uie aldchyile is a colourless liquid, with a pleasant smell 
11 j)t. ; sp. gr. mScv at 0°. It mi-xes with water, alcohol 

and ether in all pioportions. 


Acetic Acid. 

CRj.CO.OH. 

122 , In a half-litre round flask connected with an upright 
crjndenscr place 30 grs. coarsely powdered potassiunr dichromate 
and a cold mixture ot 30 grams strong sulphuric acid and 
20 c.cs. water. From the top of the condenser introduce slowly 
a mixttire of 10 c.cs. alcohol and 10 c.cs, water, so that the 
reaniun does not become too violent When all is introduced, 
boil gently on a sand-bath until the smell of aldehyde is no 
longer observed 011 opening the flask. This will require about 
half an hour. 1’he .alcohol is now completely oxidised to acetic 
acid...". 

Now rearrange the condenser, and distil until the di.stillate 
is only slightly arid. The pure acid is best obtained fr-om its 
salts. Neutralise the dilute arctic acid with sodium carbonate. 
Alter and i rystilli.se the salt. Sodium acetate forms colourless 
nastnls, containing tltrce m(Jleculos of water of crystallisation, 
Nu.t:jl:,fL.3il/). 

fl’o olrtain pure ticelic ticid, tire sodium salt may be mixed 
witlj ( oncentrated siilphuih’ acid and distilled. The acid is a 
colourless liquid, solidifying at low temperatures ; in. pt. tb-5'’ ; 
b. pt. 119’ ; sp. gr. i'055 ‘‘■f ’Ihe acid has a ]umgent 



ArET.n'Fs. 


Miiclt. and hlisu'i'i. Uu' skin. The salts are snlublt* ii'i r.atcn*, 
ami an; fle.-onijujscs! un lu.-alinK, j^ivinc- off inllaMiina'uie vapours 
u'.reione, uiar-h -as, eic.; and a residue oi' ihe Ujvtai or 

its carbonate or oxitle. 

f ( ■ id ,C ( ) t ) C;^- ■( ),, .-p c II,. CO . C i i , (acetom. 

kKAo'i'ii i. Aiix a liuie sodium acetate in a uan-h -ksss 
with a ieu firops ot Stroup sulphiinc acid, and note l!ie suk !! of 
acetic acid. 

-1. io a liulo dry r-odimn acetate or glacial acetic acid ir, a 
test tube add a little alcohol and .strong sulphuric arid, and 
vranu gently, ittio.l a.reiate is fiirnied, ami is imiicateil Ic. in, 
ftletisant fruity smell. ' : 

.V do a. ^neutral solution of an acetate add fernr rldoride 
■solution. .A ivd-brov, n .■ oiour, due to ferric acetate-, is produr<-d, 
ami on boiiin;;-, brovrn n-n-ic acetate is jn-cripitated. 

! (.' ! 1 )( )).,l- e -I- 2n„{ ) (fj] [.,Cf >0 ) Keft.)] I 4- 2 Ci i .C( tn [ !. 

Lead Acetate. 

(Sugar of I^ead.) 

123 , Dilute 50 c.cs. (.if glacitd acetic acid with too r.cs. of 
water ;md neiitndise with litharge or lead carhonate, wanning 
meanwiiiie on tlic water-bath. Filter and evaptjntte the mdutioii 
of lead aceuite. Ctdouriess; crystals are obtained, iiaving the 
composition fCII.XT) , D iyldj , 31-1^0, 

Ethyl Acetate. 

C-fL . CO . OCwH..,, 

124 ;, jn a htilf-liire distilling flask place a mixture of .-.r e 
tilcohol jind 50 c.cs. .sfi-ong snljihurk: acid. Fit the flask with a 
tap-tumiel and .1 ihcisnoiHeter, the hitler dipping into tin- liijuid, 
and with :i comlens.-r anti receiver. The flu.sk is he;ned on a 
.s:ind-b:itii iiiitd the tlicrrnometer indicates 140“, and at this 
U-mperatun' a mixture of too e.cs. alcohol and rtxi c.cs. -la. itd 
<nrtn and mdi.ipped mlo the liijuid, as rapidh aseilnl .none 
distils over. 'I'he distillate is a mi.vliire of ethyi at elate, ah uiiol, 
wiiter and aeeiic .-leid, with .sulphurous acid if any (;h;irring has 
ocained. Jt is washed with sodium carbontile .solution in n 
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-•.p'.iir.'itinjj; fuiinel until neutral, llu-n with raleiinn eliloruli; 
and tlien dried over anliydn-us sodium .sulphate. 

I'ilter iniu a dry distilling llask, ami distil over a naked ilanie ; 
some etlier jjas.se.s over iirst, Colloel as i-thyl ai'etate the portion 

. from 74-80'’. . 

Ktiiyl i.s a colourless litinid, with a plciasanl fruity 

‘■iiiell. ll mixes with alcohol and ether in all proportions and 
!.-» solul'le in about n times its xoimne of water. B. pt. 77 C. ; 

s}.). gr. •9068 at 1 5° G. 

Hydi’olysis of Ethyl Acetate. 

125 . In a small round flask I'itied with upright condeniau* 
placc ::o r.cs. ctliyl acetate and 15 grs. of caustic yjotash dis- 
■•.oix'cd in 50 c.es. of water. Hoi! gently over wire gau/e until 
the u}>p' i’ layer of acetate has disap.pearerl, ami no sanfll of tlie 
acetate cun ho detected. Then distil alaait :>o-2^ c.cs. of liquid ; 
liiis is a mixture of alcohol and water. Add solid jujlassium 
caihouate mtlil the alcohol separates as an upper layer, whicli 
may then he di.slilled. 

Netilrulise a portion of the residue in the llask, and test for 
acetic acid as above. The ethyl acetate has been hydrolysed 
or saprmified. 

C U .COOaHg + HoO - C I hjC OC VM + G J-IgO 1 1 . 


Soap, 

126 . Soaj)s are the sodium salts ihard soaj)H) or potassium 
-.alts ('.soft soap)s; of the acids occurring in flu* natural fats ;ind 
oils, from wliich they are prepared by the action of the ctmsiic 
alkaiir's. tfhemically, the proce.ss is similar 10 that used in the 
hast experiment. 

Weigh out KX! grs. of beef suet or palm oil, place in a large 
porcelain dish tvilij lialf its hulk of water, and warm until 
melted. Add 70 grams of caustic .soda dis.solved in too (xcs. of 
v^afer, ami !)oil gently with frequent .stirring, or blow steam into 
the liiitfnl, until the mixture is homogeneou.s, and all fat htis 
disappeared. Notv add 200 c.cs. of a salinated solution of 
common salt, stir well, and set aside to roo], 'fhe soa)) will 



^jCjuii'iik- ii iivm (.un! on tlio huvf;ii:c, and may lx,* removt-d 
with a spatula. 

':d = .'iCi.-.H.'id'* +< >i i ,.3. 

Ulyceiin iJ.ilmitute. Sodium prdTOitalu, . Uiycerin. 


Either. 

/(',,[ i- a). 


127 . Ktiici'i l.i.uf ranu tur:il!_\ tlit same rt-laiion to the ;i!> ohohs 
iJiiit s(M,liuiii oxule has lo it-s liy«iroxiile. 

Xa- ' Na-()]i ; CJI- ' ' ('.dl,.- <>!1. 

'limy are picpamd by the dchydratiun of al( oin/ls, ii:^ually by 
limans of suljilimic acid ; the a!k)l Iiy(li05.;on sulphale is iir-.t 
fonneil, aiul reacts iiith a second molemle of (he alcohol, pro- 
ducing the ether : 

CA 1 kJ } n- 1 L,S( 1 1 S( ).,+ H.CJ. 

C H,.,H S O I + JI A) M =-. ( C, H ) + bb.SO,, . 

The ether and some of the water distil, while suhilniric acid 
is regeneralecl. A large (juanfily of ether may tlierefore be 
prepared from a relutiveh' small amount of sulphuric acid. 

In a half-litre distilling flask, connected to a long condenser 
(see preparation of aldehyde, ])ar. 120,), ;ind fitted with a ther- 
mometer reaching- nearly to the bottom, ;md a la])-funncl. jikire 
a mixture of I20c‘.cs. alcohol and 80 e.cs. concentrated sulphuric 
acid. Heat the flask on a sand-bath to 140'', and kee])ing the 
temperature at l40-[45^ run in alcohol as fast as the ether 
distils, 'fhi.s .should he lollci'leil in a well-cooled receiver, 
connecUd to the condenser by means of an adapter. It is 
advisable akso to jslace a tinplate or cardboard screen acros.sihc 
working boncli Ijetween the receiver tind the burner, as ether 
vapour is very inilammahlc. 

t'ollecf about h:df a litre of ether, tran.sfer to a se])araliiig' 
fnniiel and wa.sli with dilute sodium hydrate to remove .sul- 
phurous acid. 'I’heti wiisb with a .strong solution of cahium 
chloride or conmioii .salt tfi remove alcohol, and finally transfer 
the etlu-r to a dry flask and allow to stand over dry calcium 
chloriile. 'Phe last trtiees of water and ulceihol can only be 
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icrnovecl with metallic sodium, which has no action on pure 
ciher. 

Ether is a colourless, mobile liquid, boiling at 35° C,, and of 
b[>. gr. *720 at 15“. It burns with a luminous flame, is miscible 
with alcohol, but sparingly soluble in water (g vols.)- 

Note. In all operations with ether, the neighbourhood of 
ilaraes must be avoided. 

Ghloroform. 

CHCI;^. 

128 . i^ngrb. of good bleaching powder are triturated in a 
large mortar with 500-600 c.es. water, using the water in 
portions, and the milky liijuid is poured into a 2-litre llask. 
To thib licjiior afld 35 e.cs. alcohol or .'icetone, Conner t 
with a good condenser, and warm gently on a sand-bath. 
(Chloroform and water, with a little alcohol or acetone, di.stil. 
When no more ran be obtained, dilute the distillate with water 
to precijtitatc the chloroform completely, separate in a funnel, 
and wash with caustic soda, then with water, and dry in a 
corked flask with dry calcium chloride. Distil the chloroform 
from a small dry distilling flask. 

C’hloroform is a colourless, highly-refractive liquid of sp. gr. 

I ■526 at o‘' ; b. pt. 61' C. Miscible with alcohol or ether, but 
only slightly soluble in water. It has a sweet smell, and is a 
valualile anaesthetic. 

Io(ioform. 

■ CHIg. , , . 

129 , In a quarter-litre flask ])lace 20 grs. crystallised sodium 
t'arbonate and too c.cs. water and warm on the steam nr water- 
bath. WluMi tltc carl)onatc is dissolved, add to c.cs. acetemo, 
and then, keeping the temperature at 60-70“, add gradually 
lo grs. of powdercfl iodine. Iodoform .separates as a pale 
■jellow' crysUilline powder. Filter r)n the pump, wash with cold 
water, and crystallise from a little :u''ett)ne. 

Iodoform crystal! i.ses in thin, yellow, hexagonal plates, melting 
at I u/‘C. Insoluble in water ; .solulfle in alcolnjl, ether, chloro- 
form, etc. It is volatile on heating, and the vapour has 





oxalr; acid. 


Oxalic Acid. 

cx>OH ■■■ : 

I , .2H0O. 

COOH ■ ■ “ . 

1<j0. 'v >xali‘.: ru-ni is inanufucliirod by nxitiati'jn of wtHsd 
saAvdust. It ina,y ab<( be obtained from many carhohydrales l>y 
oxidising with nitric acid. 

In a large beaker place too c.cs. strong nitric acid, an.1 j,o 
grains ]>u\\iicictl ^ anc sngar. CJover with a clock gia-.'. and 
IhmI gi;niiy on a natcr or sleam-bath, in tlie fiiutc cliani!,<(tr, 
until the reaciiou sets in, Abundant rtxl fumes an* eothed. 
^Mlen tlu' first f iolent reaction is over, evaporate it! the fume 
chtiinber to about 30 c.cs. .ind allow to cof)i. 1 Ixalic ttcid 
crysUillises in long colourless crystals, which should he; drained 
on a small porcelain fiinne! and recrystallised fiom a little liot 
water. 

Die ticii! forms colourless crj-stals, containing two nmlerulf;, 
of water «)f t;ryslaUisation. 'fhe crystals melt at roi-^', los;n,g 
then- n'ator, and the anhydrous acid sublimes slowly, nsells tu, 
rHo', and dcconij)oses at higiier temperatures into r.arl.'on dioxide 
and formic acid. 

RKA(''i'f(!\,s. r. Heated with a little strong' sedphuric acid, 
oxalic acid decom])oses, without charring, into carixtnic oxide, 
ctirbon diu.xide, and water. 

• 1-1 ,C,,< = CO + COg + H.gO. 

2. d’o a neutral solution of an oxalate add calriurn cldoride ; 
a white crystallijic precipitate of calcium o.xalate, CaCd.Jj, is 
l(>rmed, inso1ul')Ie in annnonia or dilute acetic acid. 

3. 7 ’o a sohit:on ol o.xalit’: acid or a s;'dt add tiilule .siiljihuric 
acid and a httli; j>otu,ssiuni permanganate, and warm gently. 
'Fl-je pertnang.-fnate is reduced and decolourised, and the (txaiic 
acitl uxidi.sed to ('arbon dioxide and water. 

l-igCgO., -1- O - 3 C 0 g+ HgO. 
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'The ux.ilaU's of the alkali metals im ifrnitiun lea\e rarbonaies, 
ihoi^c i)!' heav)’ metals, oxides. Refer to the j)rc'paratiun of man- 
i^aiious <.mde, MnO (par. 65 ). 


Methyl Alcohol, 

CH...OH. 

131 . Tins ali.oliol is obtained in the distillation of wottd, a'id 
ii the chief const it ut'ut ttf uocxi spirit, d’ho pure a!coh>)l is a 
inoliile tfdourless litjiiitl ; b. pi. 66-^17": sj). !j;r. -796 at 2c)b b 
is niisi ible with water, and in genera] properties reset iiljit's 
ordinary alatliol, hut it dot's not give tlie iodoform re.aeiion. 
C'omniereial wood spirit eujitains a little acetone, whic:}i docs 
give iodofonn. 

Rl '.AC’l'iON's. 1. IVlcthyl alcohol is readily oxidised on heating 
uitli |M)tas.siinii diclirumate and snlphtiric acid, giving formal- 
dehyde and formic acid, 

CH;,OH h O = H . CHO -p I-ip. 

H.CHO-pO^-.II.COOH. 

The formic acid may be tlistilled and detected as under, 

2 . To a little methyl alcohol add some salicylic acid and 
strong sulphuric acid and warm gently. Methyl salicylate (oil 
uf winlergreen) is produced. 


Formic Acid, 
f-r.CO.OH. 

132 . Tiie acid may be obtained by oxidising methyl alcohol, 
hut is most convcMuently jirepareil from oxalic acid, by decom- 
posing it in pre.sence ol glycerol, which prevents the further 
ilecoiujjosition uf the formic acid. 

H..C,0.,=:=H . COOH -i-CC).. 

In a large retort ])lace too c.cs. glycerol and 50 grs. ('ryst:d- 
lised ((xalic acid. Attach a condenser, and fit a t'hc-j'monieter in 
the retort, with the bulb dipping into the liquid. Heal on ;i 
sand-briih. At 90“ carbon dioxide begin.s to lie c:vo]\-cd, an<l ;U 
too- no'’ wat<‘r and formic acid distil. When the temperature 
reaches no” allow to eo<fi to about So”, add another ens. of 
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nxalic acid and distil as b-dorc to iio“. Repr-al lunii t;o. ‘no 
-rs. oxalic acid have been used. The residue in the ivlort mH! 
contains siime -lyceryl lonnatc. It should be transfiand tu a 
large dusk, and distilled with steam until the distillat-' i-, no 
longer acid. The distillate comsists of an aqueous soiiuion oi 
formic acid. It may be converted into 

Lead Formate. 

Pb(.HCO.O)3. 

133 . Neutralise the heated liquid by .stirring in lead caii..or,ni.‘ 
until the addition of more produces no further eflervo.si cum-. 
I'ilter, wa.sh the re.sidue, and evaporate the filtrate. '1 im 

forruate crystallises in long colouiiess needles. 

Pure formic acid may be obtained by heating the dry had 
salt to loo in a stream of dry sulplmretled hydrogen, 

I ’ 1 :)(M C( 1 -I.,S = PbS + 21 . 1 . COOM, 
or by distilling die dilute acid until the con.stant boiling Iiydiate 
UCHAJo + jILC)) is obtained, boiling at loy-i" at 70‘> mm. 
.lhi.s contains 77 per cent, of formic acid. Dissolve in this, 
anh)-dn)us oxalic acid, which on cry.staHising- will reinoM- the 
water. I he licpiid remaining is now almost pure iin'inic acid, 
and may be distilled again. 

J^ropcrtics. A colourless, mobile liquid, m. pt. a-fd C,. b. pi. 
roo-6“C.. s]). gr. 1-22 at 2o\ It mixes with water and aiebuK 
in all proporiion.s, lia.s a, pungent, acid smell, and raises blisici.s 
on the skin. 

kHAcrrioN’S. r. Heated with concentrated .sulphuric at id, 
ionnic acid or fiirmates dec'urnjiose into carbon monoxide and 
water. 

H.CO0il = II,,O + C0. 

2, formic acid reducej^ aiinnoniacal silver solutiotis forming a 
mirror of nn'tallic silver, and mercuric chloride .sohition giving 
a white precipitate of mercurous chloride. 

3. Neutral solutions of formates give a red-broun colour with 
ferric chka’icle, and on boiling, a brown precipitate of basic 
ferric formate (compare acqticacid). 
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Tarta,rio Acid. 

CH.OII .COOil. 
i 

CH.OH.COOH. 

134 . 'Phe iirifl rryst;jl1iM.'b in laru;e inunocliiiii' jn'isnit., n-adily 
‘.(liiililc in water or alroho!, Thu solution turns lliu of 

IMii.nised !i;iit to tlte ri.^hl, or is iluxtro-rotatory. HfMtufi 
raiudly, thu acid melts ;ii 167-170''', and then chars, as do the 
'..ih*, and evuha's \apoiirs sinollinp ot hunu suyar. C Itarriiic; 
alsij occurs on hcatin^ w ith strong siilpliuric aciti. 

kl'.AC.'l'KJNS. 1. To a ncuiral solution of a tartrate add cal- 
« iiun cldoride solution, coo) and shake well. Crystalline calcium 
taitrate sujtarales, .soluble in acetic acid, insoluble in tinunonia. 

e. To .a neutral solution of a tartrate atld sil\er nitrate; a 
white cry.stalline ])reiipita1e of silver tartrate is formed. This 
i-i soluble in .'unmonium hydrate, and the solution on warminy 
jsivtiis ;i mirror of metallic silver. 

5. To a solution of tart.aric acid add some saturated solution 
of potassium chloride, cool and shake; a white crystalline preci- 
pitate of pota-ssium hydroyen tartrate, KCiH;,0,5, is obtained. 


1 


Potassium Hydrogen Tartrate. 

(Cream of Tartar), K . H . 

135 . This salt is deposited, in the form of .aryol, duriny the 
fermentation of yrape juice. It is nearly insoluble in alcohol, 
and while readily solul.)le in hot water, rccpilrcs sixty jiarts of 
cold w.'Uer. 'I'hc c<mnnei'cial crc'.'ini (jf tartar is made by purify- 
iny crude aryoL, 

Di-solve 20 yrs. of tartaric acid in too c.cs. of warm water, 
and filter if nec;essary. Divide into two equal parts, and care- 
iiilly neutrali.se one h;df with a ck'ar solution of about 13-14 
yrams caustic ])<)tasli in 50 c.c.s. water. This litpiid now con- 
tains normal potttssium tartrate K.,CjH,0,5. Heat Ps boiling, 
and add tlKMkher half of the tartaric acid .solution, .also heated, 
and set aside in a covered beaker to cry.stallise. ^’ield, about 
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Potassium Sodium Ta,rtrate. 

(Rochelle Salt;, K. Na.C4H,,0(j.4H«0. 

136 . Mix 20 ;j;rrims pntassiinn hydrogen tartrate with c.; j,. 
^\■^itcr in a flask, and while ^\arming add gradually a solulion of 
i ; grams nystallised carbonate of soda, until the t.arirale i- coui- 
pietelN dissolved and the solution exactly neutraiisc-d. if tim 
much soda is introduced, adr! a little more of the hit.ntrate. 
Kilter the hot neutral liejuid ami evaporate. Rorlieile salt civs- 
iailises in rolourhcss transparent prisms. Yield, about an grains. 

The salt is readily soluble in water, and in taste resembism 
common salt. It is used in medicine as a mild laxative. I leafed 
in a dry tube', it lirst loses the water of cry.sl.allisalion and tlnm 
chars. For reactions see Tartaric Acid. 


Potassium Aiitimonyl Tartrate. 

(Tartar Pmelic), K(SlvO)C,jH,iO,5 . M lyO. 

137 . In a 500 c.c. round flask jilace 20 grs. cream of tartar 
and an equal weight of antimony oxide. Add 400 c.cs. of water, 
and boil gently until no mure of ‘the oxide will dissolve, and the 
liquid no longer contains the acid .salt. Add water from time 
to time to keep to the (original volume. Filter hot. < )n cooling, 
small colourless rhombic octahedraof the double salt crystallise, 

'rhfse lose their v/ater of crystallisation on cxpo.sure to air, 
and crumble to powder. 

Tartar emetic is soluble in 14 parts of water at to'. The 
solution has an un]'.ileasant metallic taste. With sulphuretted 
hydrogen in presence of hydrochloric acid the avaimony is 
preci])itale*d as oi'ange-rcd antimony trisulphide. Tlie sab.-lance 
is used as a mordant in cotton tlyeing, and in nudicine. In 
small do.scs of <>i to o-“ of a grain its action is sudorific, but in 
larger doses of 1-3 grains it acts as an emetic. An exees.s is 
poisonous. 

Citric Acid. 

C;;Kl,d>. H.x:). 

1 . 38 . This crysirdlises in large rhombic prisms ^\ith one 
molecule of water of crystallisation. It is soluble in part-s of 
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water at 2o\ 'ind easily soluble, iu aicohol. 1 he anhydrous 
ai'ifl nielis at 153', and at higher l,L‘nipera,1.urc.s darkcu-s and 
decomposes. 

R{'\i’TioNS. I. Heated with .strong ,su!phiiri<- ;idd, citrates 
cxmIm- i;ari)on tnono.xide and carlioti dioxide, tind tnv .slruxly 

l‘»!acbened. 

.2. f'ah’iuin chloride in neutnd soltttions gives no [uecijiittuc 
in the told, hut on boiling, a wliite. (la'slaliine preeijjit.'ite of 
t aitiuiu citnitc, Ca;/C,(H-p.b, is produced. 

3. Silver nitrate gives with neutral solutions of ritnilts tt 
wiilie, t urdy pn.M'ipitatc of silvc'r cilrate. 'This t.s stslnbie in 
ammnnsa, but i.s reduced only after long-continued boiling. 

Potassiiriti B'eiToc^/anide. 

(Vclicnv Prus.sitite of J’(»tasli;. K.jhcC,|N,| . 3!!-^ h 

139 . 'riti.s salt is the starting sith.-ttince for the preptiration of 
iiitot of the cyanogen componnds. It wtis fornntrh prepared by 
igniting' carbuni.sed nitrogenous ttniintil matter (horn and letiiher 
siiaviugs, hitofs, IMood, etc.) with t:rude potash and iron, f’erro- 
( yanides are now produced in vtirioiis ways from fbe hydro- 
c> attic aciti in crude coal gas. 

it may he obtained by tidding a solution of jjiirc ferrous 
sulyjhate to one of potassiinn cyanide until a slight ytermtinent 
jtretipitate is produced. Heat to boiling, filter and evaporate 
liic t lear tiltrate. On cooling, potassium ferrocyanide crystal- 
hscx. in large y'ellow monociinic prisms, with three moltH'ules of 
water of cryslalli-sation. Thi.s water is expelled on heating to 
ttnd tite crystals di.sintegrate to a white power. 

FeSO,-!- 2KCN Ft'CN ).H- ICSOj, 

Fe(CM }2 + 4KCN - K , Fe. C N " 

Potassium Perricyanide. 

(Red Pnt.s.siate of Potash), K;,FeC(jN,;. 

14 . 0 . Ry o-xidation of the iron In the previtttis substance, t lie 
ferr<K\aniiIe passes into ferricyanide of pota.s.-^iuin. This irtay 
he crfccied by pttssing chlorine gas into a solution of poftissium 
ferrocyanide until the liquid is dtirk red in ctolour, and ;i drop 
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no l(>nt>er !.;ivt'.s a l)liu; roluLirati'dii with a drop of fcrrif i 
'llic liquid now contains poiassiuin forricyanidc and cli 
2 k (!' cCy,;q- Cly ■- K,.Kc;;;Cy,j; + 2 ivCl. 

()n tn dpoiiiliny the clear liquid the ferriryanide cn 
in red rlnjinbic prisms, 

Annjiter moilujd consists in oxidising the ferrocya 
Ijoiling with freshly ])re)):ired lead peroxide. 25 grains jx 
terrocyjinide are dissolved in qm c.cs. water, 10 gram,- 
pero.xide mixed t(.i a });iste with wat(!r are added, mid the 
is boiled (ju a sand-bath until no tnic(‘ rjf ferrocytinidt 
fietected in a filtered portion of the liquid, after tmidify 
dilute hydrochloric acid. The litjuid is now strongly 
owing 10 the torniation of cau.stic jroiash, which dis.soh 
of tlie lead monoxide. 

2 I<i FeCy,5 q- ['bt-)., 2 K.,FeCy,, -1- K J>I 

Pass cl stream of carbon dioxide through the. liquir 
the boiling until all the lead is precipittitcd, and iilter. 
Use the potassium ferricya.Ude as in tlie first method, 
about 20 grs. 


C. PHVSIC.AL MEASUREMENTS. 


Determination of Melting’ Point. 

141 . The melting point ot a substance is that constant tem- 
perature at which the solid passes into the liquid fortn. This 
tempeniture is most accuniteh’ determined l)y tt.sing ;i large 
(|uantity (:ij least 20 grs.) of the material, the vessel conttiining 
it being lieated in a bath the ternpemture of which is a few 
degrees higher than that of the melting iioint reciuired. 

For ordinary lahoratorj' purposes the melting point nniy ]te 
found with :i sufficient degref' of accuracy by pltming sonw' of 
lh(; powdered substance in the ch)sed end of a thin-Widlcd 
c.’tpillary tube, nitide by drawing out ;i test-tube to :i diunteter of 
1-5-.’ miin. 'Phis small tubf‘ is then ])lact;d alongsidi; of an acmimte 
thermometer, ami ke})t in position by a ring of rubber, cut fivnii 
narrow rubber tube, and the two together are immersed in a 
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:-ma!l li('ak<n' or tube of suljjhuric aciJ or glycerin (,Mg. 37, ,y\ 
The ring of rulil-tcr may even l)e dispensed with, and t'he burlaec 
ti-nsion fof the liquid will keep the two tubes in contact, i he 
bath should be stirred by means of a gk'iss stirrer, anrl veiy 
sliAvly heated ot'or a small flame. 

histead of a beaker a long, wiJe-ncckcd glass bulb ihig. 37, d) 
mav be- used : and the stirring clisjjenso.d with. I o securt* more 
uiuform heating, the thcniuimcter with capillary may be piacetl 


in a test-tube, which in turn is placed in the acid, wdtich should 
just touch the bottom of the test-tube (Graebe, Fig. 3 , 7 , <1. 

'I'he tenqjerature at which melting begins is the true melting- 
point. Tin's is constant for a pure .substance, but is almost 
always c'onsidendily lowered by the presence of impurities. 

For the jwrpose of identifying a substance with a known l)f)dy, 
place tlircc capillary tubes in contact with the thermometer, 
cmil.uning respectively the known sijl)st,inf e, the unknown, and 
an intimate mi.\'lure of the two. Tf identical, all tliree will melt 
together, e\en on reheating. If not, the mixture will melt at a 
lower tcmjieniuire, in general, than either of the others, 





(NG POINT. 


the bottom of tlie flask. To ensure regular boiling, some small 
pieces of })orous clay, or cli])]}ings of platinum foil, should be 
jilaced in the liquid. The temperature is indic.ited by a ilier- 
moinetor j^inserted in the neck, with the bulb just below the 
side-tube of the flask. The bulb thus becomes coated with a 
lihn of the pure liquid in contact with its saturated vapour, and 
the true boiling ]ioint is found. Iknlin};!, however, must he 
sufficiently rapid to keep the bulb entirely covered with \a])our. 
SlTort range thermometers, th(i whole mentury rohinm of which 
can lie immersed in the vapour, are to lx* preferred. No mr- 
retnioii for the emergent column of mercury is then necessary. 

('cnvciion of ohsey-ih'd ooiUiio; point. If the mercury column 
emerges from the flask, which is generally the case if an 
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!H-i!inar'>' lurig-ran^^o thermometer is (Jiuploycd, this mercury is 
at a [i >\\ cr temperature tluin that in the bull), and the indication 
ot the ilu-rmoiTieter is too low. A correction must therelorc 
be in;u!e. ddiis is obtained by finding the mean temperature 
of ;]ie emergent cbluitm, by means of a small thermometer 
lashed' to the large one (Fig. 39), so that its bulb is 
half way up the emergent column. Then 

■ Correction = o-oooi53(7’-/)iV° C., 

where .r is the observed boiling point, / the mean 
temperature of the coolerl column, and A’ llie number 

of degrees in the cooled ci'hunn. 

To obtain the boiling ixiini under standard pressure 
the necessary correction is j^i\-tni by the exriression 
T.j/p 
gi3o’ 

vdiere T is tlie observed boiling jjoint on the absolute 
scale, and (fp the differenre between the oljserved and 
standard pressures. 

143. When the quantity oi liquid available is too 
small to allow of a boiling ])oint determination by 
the above method, others may be used. In the 
method of Chapman Jones’ a bent tube (Fig. 40/: 
lontains a small quantity of the liquid, whirli i.s con- : 
vcyod to the closed end of the inverted tube, and the open 
end is then placed under mercury in a .small dish. The whole 
is now introduced in this position into the lialh, which is then 
lioaU'ii to the boiling point of the licjukl. The vapour of the 
liquid expels all the air, and on cooling, mercury en ters the tube. 
If any air hubbies remain, the oiievation is rejieated. '•The tube 
i'l then carefnlly removed, the liquid made to occupy the clor,cd 
end. and some mercury ejected itntil the natreury level is lower 
in tin' open than in the closed limb. The lube is then healexi 
dowiy in tite bath, in the po.sition shown, until tlic men.uiy 
'ttmds at the same level in both iiinlxs. .Since the* \a])our 
prc'-snre of the liquid must now eqtial the atmos])herir })ressurc, 
the tempc'rature of the ballt is tin; Ixjiling point of tlie liquid. 


’ Trans, Clwm. Rac. 1878, 17.5. 
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Several obscr^alitms hliuukl b«> iniule, uhh buih raid 

raliiiv..! t<.aapev:!!i>ve. '1 he quantity of liquid u>e-.i rnitst be 
riufficit.ail l.t> ie.'ite rfttne niu.'ip!.iiss,u. iliat h-, the must 

be saturated. 

144 . 'I lie tnetlii-Kl (.r Hi-,\ni<,]>i)tT‘ .pives li-c ;q;jin)xiiii.'ite bniliivq 
point wiili even um- t,!rn]) c,]' the iiqiiid. .X narro'.r pbu'.^ tul-r* 
(Fig. 41) is sealed at one end. die liquid iiUrndsii cil, ant! a 
capillary tube, sealed alnnit i cm. frotn the lower end, i.s placed 
in it. I’he tube; is then lastenet! to ;i fherrnonteit'r, so that the 
bulb is at the level of the liquid, and beaU'd in a Ijath. Ait 



■Fig. 40.. ' 'Fig. .41,' 


bubbles cseape from the ioiver card of tbe rapiilart', and these 
becojiie more numerous as the Uanperutiire rises. When the 
boiling iioint i.s retiched, a rapid .stream of smull bubbkes of 
vapour is ernittc'di from the liquid. Sevend ob.servations should 
be made, each with a fresh ca.pillary, and the mean taken. 

Determination of Specific Gra,vity. 

145 . for the dihctrmination of tins cnn.sfaiil, sfiiiie fonts of 
jjyknomeler or speeilk gnaity Uibe is enqtloyed, 'flic <jrdin;iry 

* HrrichtF^ 19, 795 {1886). 


B. I', c. 
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S|tt<(:itic gravity bottle with perforated stopper may be used, 
but for .K'curati* work a more exact instrument should be 
eniployccl. 

A (,('ni von lent form is that shown in Fiy. 42. It con- 
A K sists of a glass tube, with narrow neck made from 
|— 4 thermometer tubing, and a ground-in stopper. The 
1 neck has one or more marks etched round it. To use 
X X the instrument, it is filled with distilled water, suspended 
Iry a platinum wire in a beaker of finely crushed ice 
H and water so ns to give a tem])crature of 0° C., and left 
I 4 for an hour. I'he water level is then adjusted to one 
of the marks by means of a fine capillary, the tube 
rernowid, rarufuily dried and allowed to stand in the 
1 liahinre room for half an hour Ijefore weighing. De- 
dtirling the weight of the empty tube, the weight of the 
uater is found. The dry tube is non filled with the 
I lit|uid to be exaniinetl, jdaced in the Ijalh for an hour 
j and tlie volume adjusted as before. It is customary to 
1 fivtermine the constant also at another temperature, 1 5 ' 
I or 2cf. The lube, after wf'ighing with the liquid, is 
1 1 placed in a bath at tiie required teinperalui'e and .some 

of the liquid removed. 

Fs,ir. .a'. Another form of pyknomclcr very commonly used is 
Verkin’s modification (Fig. 43) of llie Sprengel tube. This 
consisl-s of a U-tulie, the ends 
of ihe two limbs lieing con- 

necied to cajfillary tubes which / ) 

are bent at 135" with them, ^ 

and which arc ihercfoiv at I j( 

right angles to each other. A j 

On one of the capillaries i.s a 

small bulb, and a mark ctcliod 

between tins and the upjier 

I'ud of the limb. I'he ends 

of the capillaries are furnislied 

with ground-on c.aps. 'flie, in- 

htrutui'ut Is lilled l)y dijtping V / 

the plain capillary in the liquid, x.s._^ 

and applying suction at ilic Pig. 43. 



VAi'OUK DENSITY. 


utiu r. nuiil tlit; built is hall tilled. It is then ]ii;u;ed in tlie 
halii. and ai1<n- an hnur iwitli cajts onj tin; vciluine is .aijus 
In liltnii- ihe tube so iliat tlie jtlain rajjiilary is liorizctritab 
ntliiT bcin;.< venieid, and withdrawing liquid by nu-aris ut ii 

naja-r jdared in conUict with 

- - . 

the end I'i the capillary, until i 

thi- liquid in the bulbed i.-ajtil- ■■ >■] 

lary has fallen exactly to the .d 

ntark. Then replace the caps, '''%?) 

<lry tlie tube fXirefully and ' 

weigh after standing in the V'y A- 

ftalance mom for half an hour, ij 

J^b'oin the weiglit: of water at I 

o” C., tlie w'eiglit at 4" C. should *-• — ^ 

hir calculated, and the density 
referred to this. For example, 
for alcohol 

/d«/.i = o-8o6 ; ZFV,s== 0-789. 


Determination of Vapour 
Density. 

146 . This forms a ready 
method for the determination 
of the molecular wadght of a It 

substance, and is easily found, 
correct to within 5 per cent, 
by Victor Meyer’s method. / A ^ 

A glass tnbe with cylindrical / \ 

bulb A IFiii. 44) of at least / B \ 

too c.cs. capacity is furnished I / 

near the lop with a, capillary \ y/ 

deli \ cry tul>e and a .sliort side 
tul.te through which a glass rod 

moves in a rubljcr fastener. 7 ’ho lube is .siipporU'd in a wider 
tube B, in which a ]iqui<! is boiled, the vapour from whicli heats 
-•/. 'Hie boiling pioinl of the litpiid in />’ should Ik- at least 
ao-3o‘' above tliat of die substance to be examined. 'J'he bottom 
of yl is covered with dry sand or asbestos, to break llte fall of 
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tiK‘ .m.ili \veiyiR-d and the b.-Uli is then heated to the 

ret.iuini] temperature until no more air bubbles escape from the 
delitery tube'. The substaiue is weighed in a small stoppered 
Uibf^ e,r bullj. and ])lai:ed in the upper end of' A, restinj^ on the 
l••lass rod, and A then closed. When all i.s ready, the glass 
rod ir. wididrawn to allow the substance to drop, and at once 
replaced. Vaporisation should take pilace rapid!)', and the 
expelled air is collected in a graduated tube placed oyer die 
end of the capillary. If this occupies too much time, difiusion 
of the vapour into the U|.)per part of A will afitecl the result. 
When no more air is expelled, remove the measuring tube 
to a tall cylinder filled with water, allow it to stand in water 
15 minutes, and then lake the ii'injicratuie of the natei and tbc 
volume of the air, first adjusting the kwel of water in the lube 
to that in the c) linden In making this adjustment, do not 
touch flic inlrc witli the fingers. 

Calculation of the vapour dcn.sily. 

Let //■’■=■- weight of .substance used. 

volume of air collected. 

„ /= temperature of this air. 

„ /---barometric pressure. 

„ c? = vapour pressure of water at 

Then the vapour density of the substance referred to hydrogen 
as unity is 

Wl=73 + O7bo 

]/{J) - n) 273 X 0-0000896’ 

The molecular weight, referred to that of liydrogen as 2, is 
twice the vapour density. 


Determination of Molecular "Weights 
of Organic Acids. 

147 . The sodium and potassium salts of the sim]>le organic 
ai'ids are destroyed l)y ignition, leaving the carbonate of the 
metal. From the wi'ight of this, the molecular weight of the 
acid may be deduced, hut in may cases the carbon set free 
duritig the ignition is difficult to burn away completely. It is 
better to use the silver salt, which leaves a residue of metallic 
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silv(n-. A \viM|.;!ivtl ijuai-itily (!F) <>f ilie dry salt 
{) 07 Tr],ii;i (.ruf!])!*-, and {.lie residue* (A') Is w'eii4'he< 
re presents tiie radical of tiu-; acid, and ' 
vreii^lil ol the ttciti is ihe.-refore 

A'.,- 


ei|ni\a!L-nt va-i;.;iit is niultiiilied hy the b.isicil 
It; liittiecular weyyht. will be found. 



:)UALITATIV1C ANALYSLS, 


(N the section on (^)u:ilil;itive Analysis tliuse reactions of the 
nictiilb and arids liavin^ no bearing- on the suljsequenl anah'-sis 
have Iteen (imitted. The prim;ij)al product or ])roducts ot the 
reactions are given, but the etjuations, excejjt the more difficult, 
have been left to be entered by the student. 

Reference should be made to tlie table in par. 201, which 
indicates the solubilities of the principal salts of the metals, in 
order to obtain a dear understanding of the reactions on whicli 
the analysis depends. From the reactions given, other methods 
of separation .should also be devised by the student. 

In the analysis of a salt, before commencing the separation of 
the metals into groups, the student should carry out the dry 
roaclioii-s given, but these should not occupy more than ten 
minutes. From these tests he will obtain indications of tlic 
presence or absence of many of the metals, and may thus sa\-e 
nuicli labour in the .sul (.sequent operation.s. 

The detection of the acids should follow that of the metals, 
and as there is hero no definite separation into groups, the 
student, after apjilying the preliminary tests, should write in 
liis note.s a li.st of those acids which hai'C not been definifdy 
•sJujwn to 1)0 absent, and then proceed to tost for eadt 
.separately. 

At the end of an analysis the properties of the .substance 
gi\cn sliould be. written in a column, and oppo.siic these the 
properties of the substances found which may account for them. 


TTIK SIl.vrCR GROUP. 


Ip. \ia\ ihp -.ijidpft uHl in many rases he al)!e lu a'lcrtain 
the saifs- prcbeih, and not only the uictals nmi rn id.i 

separately. ' 

'i'lie student shouli! nu( omit to rean'd any ohserrafi.jii 
be<:aus(; :n the time il does not ronvey any information to him. 


Rr:.\(''riON8 ok d'nit \rii'r.'\i.,s. 

THE .siLVi'lK GltotlP. 

Metals w iiosc' rliiorides are insoluhle in ualer (Note, lead 
rhioride is sli;.^i(tiy solulik; in taild water, tnucli iiKae re.tdily in 
!](.)t water). 

Lead. 

FI). 207- 1. 

148. Dry KEAcrioN. 

Heated on charcoal, lead compounds are readily reduced to 
the metal, wltich is soft, malleable, and easily marks jjapfU'. 

Reactions in Sot.ettiox. Use a solution of lead acetate or 
nitrate, (OH.jCOUj^Pb or J-’b(NO;j)«. 

1. Hydroclilol’ic acid gives a white precipitate of Icttd 
chloride, PbCl^, soluble in hot rvaier, crystallising in white 
needles on coo^!n^^. 

2 . Sulphuretted hydrogen ])roduces a black ]n-ccipitafe 
of lead snlphitic, PbS, converted by boiling t^•ith dilute nitric 
acid into nitrate and sulphate. In strongly arid solutions the 
precipiuitc is brst reddish brown, .rFbtJl.j. j'PbS. 

3. Suiphuric acid ])rccipita(cs white lead sulphatf;, 1 'bSD.j, 
slightly soluble in water, in.soluble in 50 per rent, alroliol. It 
is soluble in a solution of ammonium acetate or tartrate, or in 
strong potassium byrlrate or hydrochloric acid. 

4. Sodium hydrate produces a white prerijjitate of lc;id 
hydrate, I’Ih'OIIe, soluble in excess forming sodium pliimbite, 
F1.(t)Xa'b. 

5. Potassium iodide give.s a yellow crystalline jn-eripitate 
of lead iodide, FIjL, soluble in hot water, anti recrystallising in 
shining yellow plates. 
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<\. PotosBmm chromate precipitates yellow lead dirom- 
;ife, soluble in dilute nitric acid or in sodium lJ 3 'drate. 

Sodium carbonate forms awhite precipitate ol basic 
k'.ul < arltcmite. 


Silver. 

Ay, loy-SS. / 

149. l)l-:^■ Reaction. 

Ileatcd (Ji! citaii'oal, silver compounds are readily reduced us 
the nifl.il, \\hirlj may be obtained as a bead at a higb temijera- 
tun-, '['lie bi-ad is Irright, white and hard. 

Rkactions JN .SoUrriON. Use a solution of silver nitrate, 

AgNc\. 

1 . Hydro ohlorio acid gives a wlhte precipitate of silver 
chloride, AgCl, readily soluhle in aminouium iiydrate, and in- 
.soSubl(3 in nitric acid. . 

2 . Sulijlmretted hydrogen precipitates black .silver stil- 
pliide, .AgnS, soluble in hot nitric acid. 

3 . Sodium hydrate produces a dark grey precipitate of 
silver oxide, Ag^-O, readily soluble in ammonia, giving silver 
ammonium hydrate, Nl-bjAgOH. 

Potassium chromate gir-es a brick-red precipitate of 
silver chromate, AguCrfb, readily soluble in dilute nitric acid, 
decomposed by solutions of alkali clilorides into silver chloride 
and ii soluble chromate (see use as indicator, ])ar. 264). 

5 , Sodium carbonate gives a white precipitate of silver 


carbonate. 


Mercury. 


Ih 


150. Dry kKAcnoN. 

Many mercury .salts volatilise unchanged on heating, while 
others decompo.se, so that when heated in a, dry tube they may 
give a white sublimate, IlgCl^, a yellow sublimate, HgL, or a 
suldimalc of metallic mercury, HgO, Ilg(NO;.)o, etc. If heated 
with sodium carbonate, all mercury salts yi<;ld metallic mercury. 

Kkactions in Solution. 

Mercurous compounds. Use a solution of mercurous 
nitrate, MgNU..,. 


I, 

itiAiii. 


m.'.: 


M KRCrRV, 


105 


1 . Hydroclllorio a.cid prccipitat'..;* v. Iutc' niariaijous chloride, 
l!p:Cl ice.ionieri. Hoiubie in aiiiia re.qin. It ir- Umicd 'olack hv 
iiinmonia terming sncn’u.nius anununium chloride, X] [.,1 

alHj.C! f -NH,.-- N I IJ Ik-A'I A X I Id/l. 

2. Sodiuni liydrfiitG ,aivcs a l.dark ])ie('.ij)ita.Ui o! inercaroiiA 
oxiile, Hs-cA h 

3. Ammoiimm hydrate ja-oducctt: a Idac].; ineriphate of 

mercurous ammonium nitrate, N1 -XHj4oN()... , 

2HyNO.. + 2N] f.jOn --X f l.hlH.,Ni).j-|-X H 2H..O. 

4. Sodium oartoonate precipitates inen’urou.s oxide. 

5. Potassium, chromate pivcs a darl-od lavi-ipitaU' of 
mercurous cbroma-le, 1 i .’-rR),, which tH‘! i.inij)o;-.eh rni Ijaiitinn, 
]ea'. in.4 chromium se!:;( juio.xide, CioO.,. 

t'txiixri'fON tiK Mrrc.uroph Halts. 

Mercurous .salt.s are e;isii;r f>\]dised to nieri.'uric .salt.s, 
mercurous chloride dissolves in chlorine v.nter or aqua rei^ia, 
fiaminiL the soliilde mertairic ddoride, Hpfdj. Mi.‘rcur<.nis .sal!.s 
are. readily redu<-cd t(i mercury by stannous chloride, v.hi'..:h is 
oxidised to stannic chloride. 

2 H .q N ( );; 3- SnCh + 2 il Cl .t H 4- + SnCl j ■•I- 2 1 1 N 0 ;j, 


SEPARATION 0,K THE .METALS O.K THE SILVER GROUP. 

151. The sejiiiration and detection of the metals of this yrouj.i 
depend u[)un ; 

(/«') The solubility of lead diliiride in lioi water, siher and 
mercurous chloritles hein|.j insuluhile ; 

(/;; I'he solubility of silver chloride in anuuunium hydrate, 
nienau'cms chloride beinR insoluble, 

(Vj Thb formation of the. black compound of mercurous 
chloride with amnronia. 

THE COPI’ER GrROUIL 

Metals whose sulphide.s are insoluble in cold dilute tieids. 

Mercury, 

Pg. 

152, Mercuric Compounds, Dry Rkactions. (See 
mercurous cotniiounds.) 
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Ri' ACTiONS IN SOJAITION. Use a solution of mercuric nitrate 
II; 4 ' NU.j).;, <»r cliloricle, Iis:tCl3. V 

'To a portion of the solution add liyclrochlonc acid ; note the 
result. Repeat tliis procedure wiili the other metals of the 
group. 

t. Sulphuretted hydrogen ju-oduces a black precipitate 
of nuTuiric Milphidc, ilgS, insolulile in nitric or hydrochloric 
a. id, hut readily .sohihle in atpia regia, It is converted by nitric 
:i<id to a white snbstaiuv, Mki In strongly acid 

solutioiis of liierciiric salts the precijiitate is first white, then 
yellow, reddish brown, and finally hhick, owing to the formation 
of compounds of tlic mercuric salt and mercuric sulphide, 
.riIg<:i.3.yIlg.S. 

A. Sodimn hydrate ]»rcci])it;ites yellow mercuric oxide, 
cHgO.'', ' ' 

3. Ammonium hydrate give.s a white precipitate of 

mercuric ammonium rliloridc, NH._,MgCl. 

.p Potassium iodide produces a brigdit red precipitate of 
men uric iodide, Hgl-.., soluble in e.\ces.s of potassium iodide or 
of mercuric chloride. 

5. Stannous chloride gives a white precipitate of mercurous 
chloride, and by further reduction, grey metallic mercury. 

6. Sodium carbonate precipitates mercuric oxide. 

7. A piece of bright copper placed in an acidified solution of 
a mercury .salt becomes coated with a grej' de].ioHit of mercury, 
which on rubbing acc|uires a briglit surface. 

Bismuth. 

Bi, 2 o8.o. 

153. Dry RiiAorioNs. 

1. Heated in a tiry lube bismuth salts are decomposed, leaving 
the o.viiic, wliich is orange red while hot, pale ye]lo^\^vifl8^^dbling. 

2, Heated on charcoal bismuth compounds are ea,sily x-cdured 
to metal, which has a .slight red tinge and is brittle. A yellow 
incrustation of the oxide is also formed. 

Rka< TioN.s IN Solution. Use a solution of bismuth nitrate, 
or bismuth chloride, BiClj. Test as before with 
hydrocliloric acid. 


% 


[us.\inTH_roprEU. 


1. Sulplixirotted h.ydrog’ori .nivc^ ;i dark ])n)uu pi'ccij/itatc 
(if the sulpliidc, !;i.S;i, ^ojuhlc in nifj-ic acid. 

2. Ammoniinn hydrate precipitates white bisniutli liy- 
dnite, Ui't'JH).,, insoluble in e.vcess. 

3. M\cf‘ss oi water causes jirccijjitritinn of a wliilc oxy.salt 

■las Bi(.')CI). ■/.■■■■,■„■■' ■■■■siiS'?^ 

3. Sodium carbonate pive.s a white pre(’ipita{e of Ija.sic "f"' 
carlronate. ...=*'>■■ 


Copper, 


Cu, 63-57. 

154. Dry RK.tr’i'ioN.s. 

1. Heated on clian oal, copjier salts leave a black residue of 
cop])ci oxide. Cut), which iiiay bc^ rcdutied, especially witli 
iusion mixture and potassium cyanide in the redueinp ihune, to 
red scales of co|)]:)er. 

1‘c.Uassiufn cjainide act.s as a reducinjt ap'ent, uniting with 
oxygen to form pota.s&ium cyanate. 

KCN + 0 = KCN0. 

2. Moistened with hydrochloric aciil and healed on platintim 
wire, copper compounds colour the tlatne blue. If not pre.sent 
as the halogen compounds, the flame is green. 

3. Heated in a borax bead in the oxidising fljime, the bead is 
green while hot, blue on cooling. In the reducing flame a red 
bead containing small particles of cop^jcr is obtained. 

Re.xctions in Solution., Use a. solution of copper .sulphate 
CuSO,.5ILO. 

Test with hydrocl^l^' acid. 

r, hydrogen produce.s ;i black precipitate 

of cinfnc' sulphide, CuS, soluldc in nitric acid and in p(jtassium 
■■■■cyanide." ■■ 

2. Amnionmni hydrate prccipltate.s a bluish green basic 
.sidt, ChiSO.j, CutDTlb, which dissolves in exce.s.s, forming a deep 
blue solutitm containing the compound CuSt),j . 4NH_.j. H./i. 
This blue colour is (lest roved Iiy pnia.ssiuin cyanide. 

3. Sodium hydrate give.s a light blue precipitate ofbj-dratc, 
Cu'OH),,, imsoluble in execs.s. It turns black on lieating, giving 
hydrated copjier oxide, 2Cut) . I IX). 


rkA(,;TirAL ciucMtSTk^'. 

4. Potassium foiTOcyanide prodiK-cs a reddisli ])rown 

|!V(.ri])ii:itc itf cu])ric ferrui'yanido, 

5. Sodium carbonate prcciiiitaiuin a green basii; car- 
b()na1.c. 

Cadmiimi. 

Cd, If. •>.■4. 

1 )KV Ri'ACTiiJX. 

iraji^r’i nn (']uu'’o;u, cadniiuin compounds give a brown 
in< ruslation of tin* oxide, CdO. 

kKAf'lioNS IX Siil.fn'fox. I'se a sululion of radrniinn 
thioridi', CtlCl.j, or sulphate, LdSt);. 

'rest witli hydruciilnric acid. 

1. Snlplmrfitted hydrogen gives ;i )’cllow jn-ecii.itate of 
aidiiiimi! sulphide, CdS, .soluble in dilute mineral arid.s, and 
therefore nt*! prccipiitated in .strongly acid .solutions. 

2. Aininoninm hydrate precipitates white cadmium 

hydrate, Cd(OH).^, soluble in excess, insoluble in sodium 
hydrate (di.sdnction from /.inc). **• 

S- Sodium carbonate produces a white precipitate of cads 
miura carbonate, CdCt);j. 

4. Potassium cyanide first precipitates a white cyanide, 
which dissolves in exce.ss, forming the double salt 
2KCN . CdiCN).^. 

From tltis .solution suljihurcttcd hydrogen precipitates the sul- 
]ihide (distiiiriiun from ro|)per;. 

Arsenic 

As, 75. 

156. 1)KY RliACTION.S. 

1. Heated in a dr)- tube, arsenic compounds volatilise, giving 
a sujjlimalc. If mixed vith fusion mixture and potassium 
cyfinidc and heated, a .sublimate of arsenic is lormed. 

2. Hcateil on charcofd, .-irsenic comjxjundH ])art]y sublime 
and .ire partly reduced, giving arsenic, which then burns to the 
oxide. Some of the vapour of ar.senic is, Iimvcver, mixed with 
the oxide, and may he recogni.scd by its garlic odour. 
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Ri':Af:'i'ioNS IN Soi.rnoN. 

Arsenious compounds. Use a solution of sodium 

arsenite, NajjAsO^j. 

Test with hydrochloric acid. 

1 . Sulplauretted. hsrdrogeii gives in acid solutions a \ ei!( .w 
precipitate of arsenic trisulpihkle, Asg.S3, in.soluble in 
Ijydrochloric acid, but soluble in ammonium snip] iide, formiiv^ 
sodium thioarsenite. 

: A-s^S;, + 3( N H J3S - 2(N 

With yellow ammonium sulphide, thioarsenate is jirodured. 

: AsA3+3fNli;jA + S3-2(NHp,jAsS,j. 

^ll is :dso solulde in sodiun; hydrate, forming a mi\iun.‘ of 
I arsenite and thioarsenite. 

As,S, + r, Nil on N,a,-\s.S,j + Na,,AsO,, + 3 ! !,( }. 

Froii'i these solutions die Irisulpliide or pentasuipiiidc, i;:; preci' 
pitaled by hydroflilorlc acid. 

2 (N H i);;A?,S;, + 6HC1 - As 2 Ss+ 6 NH,ia 

2(N 1 l,f),.AsS.j f 61 ! t:i ---- Asls3+<iNH.,ClT3l ijs. 

Na;AsS.j + N :i,,Ast ).. + 61 1 Cl = AsoS;. + 6NaCl T afuci. 

2. Silver nitrate lu'oducos fi\>m neutral solutions a yellow 
precijiitate of silver arsenite, AggAsOg, solitble in imimonium 
hydrate or nitric acid. 

3. Copper sulphate precijiitates .Scheele’s grcdi. Cull AsO., 
soluble in ammonium hydrate, ammonium chloride, or in dilute 
nitric acid. 

Arsenic compounds. Use a solution 6f sodium arsenate, 
NaJ-lAsO.,. 

I. Sulphuretted' hydrogen slowly precipitate's arsenic 
pentasulphide, at the same time reducing some of the arsenate 
to arsenite, and from tliis precipitating arsenic trisulphide. 'I'he 
precipitation may' be liastenod by usinjt a hot, .strongly ardti 
solution, or Ireitcr, by llrsf rcilucing the ansehate witii sulphur 
dioxide, Ixiiling off excess of the dioxide before passing siilpluir- 
etted hydrogen. 

The ]tentusulphidc is soluble in ammonium sulphide, forming 
thioarsenate, and in sodium liydrate forming arsenate and tliio- 
arsenate. 


■-if 
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2. Silver nitrate j^ives a rccUH.^h-brown j)r(;cii>itate of siher 
Eu.sfnale, A|4.,As‘ soliUtie in ammonium hydrate or nitric acid. 

Copper sulphate produces a pale i^i-eenish-lrlue preri- 
i'-italt.- of ciijiric liydr(;.yf‘ii arsenate, CiiHAsO.(, soluble in 
ammonium hydrate or nitric acid. 

j. Magnesia mixture (magnesium sultjhatc in presenci^ of 
ammuuium rhlnriihi and ammonium hydrate) gives a white 
crv^iailine pi'ecipitate of magnesium ammonium arsenate, 
i\h;Xll }Asrt,6iIoO, soluble in ar:ids. When lieatecl in oxygen, 
tliin If.-u'C’s a residue of luaguesium pjToarsenate, AlgyAsyCn. 

5. Aimnonium inolybda,te produces, when heated, a 
yellow precipitate of magnesium arsenomolybdate, (ISIJ'l^);^”^^}. 

I i Mo( . 61 h.O. 

Antimony. 

Sb, I'20'2. 

157 . Dry Ke.\ctions. 

Heated on diarcoal, iintimony compounds give a white in- 
crustation. The metal may be obtained, but rapidly burns. 

Re.u-:tion,s IN Solution. 

An,timonious compounds. Use a solution of antimony 
tridiloHde, or of tartar emetic. 

Test with hydrochloric acid. 

I. Sulj^uretted hydrogen produces, in acid solutions, 
an orange ]»r«<‘ipitate of the sulphide, SbySs, soluljle in ammonium 
sulphide, and m s< diuin hydrate tbrming thio- and oxy-salts, the 
sulphide being Tejurcipitated by hydrochloric acid. The re- 
actions are similanto those of arsenic. Antimony trisulplndc is 
soluble in warm contentrated hydrochloric acid. 

2.,iihxcess of water causes precipitation of the white oxy- 
chloride, .SbOCl, soluble in solutions of tartaric acid or tartrates 
(distinction from BiOCl). 

Silver nitrate gives, witli alkaline solutions, a black 
preci])itate of silver oxide and silver. 

.p Sodium hydrate or carbonate forms a wliite precipitate 
of aminionious g>xid:t;, Sbjtp,, soluble in cxces,i of the former, 
producing sodium melantimonitfi. ■’ 

4SbCl;-f I'-’XaOn -SlpC ),.+ nNaCl-f 6H.O. 
vSlpOc+gXaOH -.|Na.Sb 03 -|- 2 H 20 . 



Ill 



ANTLMO.W- TIN. 


5. If, in a Holuticni of an uulimun}' salt, a ])ie(:e of zinc be 
j)l;n:r-(i in ronla,'.'! with a jaece uf platinnni toil, tin- antimony 
will be deposited on the platinum as a l5rown slain. 

Antimonic compounds. I'sc ;i solution of jKisassinm 
metantirnonate, KSbO;.. • 

I. Sulpliuretterl hydrog-en profluons. in an m idiiied 
lion, tin oninite-reil precipitate, consislinp of i!ic penta.sulphide, 
the trisiilphide and sulphur. 'The penlasulphidc dissohes in 
ammonium sulphide, fonninp thiotuUimonate. (Niip.SbSj. It 
is idso soluble ui nodiuni hydrate, ionninp a mixture of scidiuin 
jintinionate, thioantiniouiite, and liydrosulphide. 

,t. Silver riiljrcltjG ;.p-. es ;i vihU'’ precipitau.- (h sihe! anti- 
inonate, 

3. Sodiimi carbonate jirodnccs ;i wiiite jjm ijutaii' of 
rnettintimonic acid, HSbOjj. 

Till. 

Sn, 119. 

158 . Dry RK.tcriON. 

Heated on charcoal, the metal is obtained with difficulty, a 
white incrustation being generally formed. 

Rkactions IN .Solution. 

Stannous salts. Use a solution of stannous chloride, 
SnCL-j. ' 

Test Avith hydrochloric acid, i: , p 

T, Sulpliuretted hydrogen precipitates dark-bi-own sttin- 
nous sulphide, SnS, soluble in amrnonium .sulphide, 

forming ihiostannate, and in sodium hydrate funning stannite 
and thiostannite. 

.SnS + i'NH i).2S + S = (N H,jbSnS;j. 

eSnS + 4NaOII ^ Na2.SnS.2 4-ISla2Sn02 + cH.^O. 

Stannous sulphide is precipitated from the latter Holution by 
hydrochloric acid, while the funner \i<-kis yellow .stannic 
suliiliide, SnSy. 

Na_..SnS. 2 + .Xa;>Sut I^ + .j-HCl .■'.SnS -) .{NaCl -j- 2lL( 1 , 
i N ll‘,\,SmS,, + 2l-K1 ■ - ,SnS..-l- .tN 1 1 ,<;’! + 1 i;;.S. 
SlamnniH snijiliido is also .soluble in hut strong hydruelilurie 
ticid, in o.xalic acid, and in tartaric acid. 


m t ^ 
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u2 practic:al chemistry. 

Morciiric chloride iy reduced ])y stannous salts, giving 
inerrra'ous chloride, and finally mercury. 

3 . Sodimil hydx'ate gives a wlnte precipitate of stannous 
li\iinixide, rintOH)^, which dissolves in excess, forming sodium 

stannite. .■ . , , • , d, 

Stannic salts. Use a solution oi stannic chloride, Snt..I,s. 

1. Suljduiretted hydrogen gives a yellow precipitate of 
s,i.mnii suiphiile, SnS.., .soluble in ammonmin sulphide, pro- 
iliicina llnostannate, and in s<)diurn liydraie gi\ing stannate and 
thii)-taiuiate. From these sfiluiions hydrochloric acid iircci- 
piiatcs She stannic sulphide. The sulphide is also soluble in 
hoi, i-.nong hydrochloric acid, 

2 , Sodium hydrate preci])itates wliite stannic ai'id, FE.SnO.i, 
nhii.h is converted by excess f>f soda into soluble sodium 
staiinate, Na^rinO.-v 

■i. In test 157, 5 for antimony, any tin which is present will 
lie "dEplaced from the snlmiun by the zinc. It may then 
be df'tcrtcd by dissolving in hydrochloric acid and adding 
nu n uric, rhlorkhi. This give.s a, means of seixirating antimony 
from tin. 

SEPARATION OF THE METALS OF TflE 
COPPER GROUP. 

159. In the detection of the metals in this gronjr a division 
is first effected by the sclution of the sulphides of arsenic, 
antimony and tin in yellow ammonium sulphide or sodium 
h 3 'drate. These three metals form a sub-group. 

Tim deletion of metals in the sub-group depends upon 

(if) the reprecipitation of the sulpirides from solution by 
hydrochloric acid, 

ih) the solution of tin and antimony sulphides in .strong 
hydrochloric acid, arsenic sulphide being insoluble, 
in the solubility of tin sulphide in oxalic acid, antimemy 
sulphide ISeing insoluble. 

The defectiotr of the metals in the main group depends upon 
((/) the solubility of the sulphide-s of lead, bismuth, copper 
and cadmium in nitric acid, mercuric sulphide being 
iirsoluble, 
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{o'; the insolubility of bismuth hydrate in ammonium hydrate. 

cupper and cadmimn hydrates being boluljle, 

\c) the solubility of copper sulphide in polassiuin cyanide, 
cadmium sulphide being insoluble. 


THE IRON GROUP. 

Metals whose hydrates are insoluble in solutions of ainmoniuin 
salts. 

Iron. 

1^‘e, 55-''55- 

160. Hry Rkactjons. 

!, Heated on charcoal, iron compounds leave a black niag- 
netic residue. 

2. Heated in a, borax: Ix'ad in the oxidising Ilame, iron 
compounds give ti red bcrad while hot, yellow on cooling. Iti 
the reducing flatne the bead is bottle green. 

Rkactions in Solution. Ferrous Salts. Use a solution 
of ferrous sulphate, FeSO,} . / l-hiO. 

1. 'J'o a portion of the solution add dilute hydrochloric ticid 

and pass sulphuretted hydrogen, boil off the sulphuretted 
hydro^n, oi- take a solution and tidd 

animcmutm cTiloridc anef^nmonium hydrate. Mdien the 
latter is added incomplete irrccipittition of ferrous Irydrale occurs. 
This preeijritate is at first dirty white, changing to pale green, 
grey, ami Ihiallv brown, owing to oxidation to ferric liyclrate, 
Fe.X)H),. 'A ^ f ^ 

2. Sodium hj^'drate gives a similar precipitate. 

3. Aninionium sulphide jirecipitates black ferrous sul- 
phide, FeS, soluble in dilute acids, 

4. Sodiltm carbonate gives .-i white precipiPite of ferrous 
carlionate, FcCi);;, which rapidly oxidises. 

5. Potassium ferrocyanide forms a white precipitate of 
])otas'-ium ferunis fc>rroc\'anidc, K«F<'| Fe'CN\.], wliich rujiidly 
turns blue through oxidation. Owing to this rnpi<i oxidation 
tb<- precipitate produced in the rn'dinary way is never white. 

K (Fe.X- N),5 -f- FeHO, r. K,Fef FefCN}^] + K2S<'>4‘ 
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6. potassium ferricj'anide iArms a deep ])lue j^reriitiiate 
of ferrous ferricyanide (Turnbiiil’s blue). 

2 IvjFtH'C N )(j + 3 FeS O,, — Fe;([Fe(C N ),,]y + 3 K^S G,,j . 

.See the use of potassium ferricyanide as indicator in volu- 
nn=lrir v.-ork h>«”- 260 ;. 

.Ferric salts, (.'.sc a soluti.-.m of ferric cliloride, FeCb,. 

[. To ;i. poriion of tin: solution add liydrocldoric acid and 
tiien pa.ss sulphureticd hytlrogxn. Note the change in colour 
rind Uu' precipitate of sulphur. The ferric salt has been reduced 
to a ierroiis suli^ 

3Fe(.:i;; + H .,S - 2 FeCl., + 2 H Cl + S. 

Foil ((li'ijK- sulphurcUcd iiydrogen, add two or tlirce drops of 
concentrated nitric acids lical and add aminoniunt chloride, and 
ammonium hydrate. A bmun jjrecijntate of ferric hydrate 
is ohtaincil, the nitFu: ticid lia' ing rco.xidised the ferrous to 



0 Ib-Cb -!- 6M Cl + 2 H N - 6FeCl,, k 4I-I.O + 2 N O. 
in ttnalyiic'al work the ferrous .salt.s nurst always be fixidised to 
ferric, a.,s the fenauer are not completely precipitated by ani- 
■ rnoniiim hydrate. 

Ferric hydrate is soluble in Inxlrochloric acid.^fcilpblc in 
.sodium In.'dratc. When heated alone it leat’cs the^^™ Ftc.G^ 
which i.s unaffected by fusion nilh fusion mixture and pdta.s.siuni 
nitrate. 

2. Sodium hydrate gi\-es a precipitate of ferric hydrate, 
intiolnble in excess of the reagent. 

3. Sodium carbonate i,n-oduces the same ]>recipitate with,,' 

evolution of carbon dioxide. >!/ 

4. Ammonium sulphide gives a black ])recipitate of ferrous 

salj-ihide, .sulphur also being precipitated. /j/ 

2 FeCl;, + 3(N H4 )oH = 2 FeS + 6NH4CI + S. / 

5. Potassium ferrocyanide precipitates dee]j lilue ferric 
fenrocyanide (Prussian blue), Fej[Fe(CN in.soluble in hydro- 
chloric acid but decomposed by caustic alkalie.s, 

Fe(CX),.]:i+ I2 KOI 1 -■ .] Fe(Orr),, + 3K,Fe(CN 

6. Potassium ferricyanide foi-ms no ]n-ecipitatc, but the 
solution turn.s brown [compare ferrous and .see use as iiulicatr,)!*). 
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7. Potassinm thioc?ya'nat(-^ yKcs a hloful-nai colouration, 
due the .soluble ferric thiocyanate F'e(SCN);j. ’rhi.s is a very 
delicate test for iron. 

8. Sodium iphosphate pveri]>itale.s jjale buft'coii.iunai f< rri>: 
piiosphale, FelRi,, v, hidt is soluble in mineral acids, but in- 
soluble in acetic acid or ammonia. 

hVrroiis s.'dls arc easily ceddised (chlorine or nitric acid bciuL,-; 
jrenerally iisedj to ferric .salts, anti ferric salts are easily reduced 
to ferrous. 

6 fdc' S O . -1- j i b,.S t > j i- :i i ! N O-. -- 3 Fe.y; S D , i-j -j- 4 Id ,,0 -1 • J 
itbeL'i-.-f Sr!Ci._;--~2FeCl2-l- SnCl,j, 

Chromium. 

Cr, 520. ■ 

161. Duv Ih-. u'Tiox's. 

1. Me.'it'td on. chavctiai. rhroiuiuni t.-ompounds leave a d.irk 
green residue. 

2. Meatc'd on plalinuin or ptircelain with fusion mlMure a.nd 
a little nilrc, a yoliov, mass of potassium and sodium chromalot; 
is obtained. 

3. iieatfd in a Itora.s l:>cad, an emerald green bc.ad is formed 
in either tlame (CnO;. . 

Reactjons in Sc>LU'i'To,\'. Use a solution of chrorae alum, 
K.,.SO. . (>.,( 80 .;);;. 24 11 ., O. 

1. .-Vs with iron, add hydrochloric acid, then sulitlm retted 
hydrogen fno change}, bc'il oft' the latter and tidd ammonium 
dtloride and amiBonium hj’-drate. A blui-sh-green picd- 
jjitale. of chromic hydrate, CriOH).., is formed, slightly soluble in 
e\'C(‘ss, giving a lilac-coloured liquid, from wliich the elnoniium 
hydrate is coin])loicly jnv.cipitated by boiling. Chroiiiiiun 
hvxirate is soluble in dilute acids. 

2. Sodium liydra.te givc.s the same precipitate, \dneli 
readily dissolves iu e.scess to a bright green soluticm of sodium 
chromite (_'r'(,iXaV. Tbe hydrate begins at once to sepairite 
froju Ihi.s soiutif)n when boiled, but for complete jinu ijiiiafion 
long boiling is recjiiircd. 

3. Ammonium sulphide produces the same precii>ttatc. 
(>V.sr)p,,.i..3;NIj;;.„S-i rdI.,0=-2Cv(0fl ),^+3(Nn4)2S(d,-!-3f!.S, 
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4- Bodiinii carbonate gives ;i [irecipiiatc of In-drato and 
rar'oonatv, wiiicli gives pure hydrate on l^oiling. 

5. Sodium phosphate ])recipit;Ues pale gi-een clrromiitm 
jihosphale, CrPO,j, soluble in mineral acids, insoluble in acetic 
acid or ammonia. 

tjXlDATION OF CHROMH'M COMf’OUl'iDS. 

(Jlironvlum compounds are easily oxidised to chromates, as in 
tilt; ilry reaction (3) or as follows : 

1. Adil sodium peroxide to a cold solution of a chromic 
■^alt, and hoi! till efiervescence ceases. Sotlinm chromate is 
formed. 

drl t ) 1 1 >3 + sNasOg == 3 NaXrO,( + 2N:iO H + 21 1 .0. 

A luethfid of .separation of Fc, .'\l, tmd Cr consists in soparatiuv, 
the t‘r rjiiii A! from the iron as sodium chromate and sodium 
aluniinale by the action of .sodium penixide. 

Sodium hypochlorite, or sodium hydrate and chlorine 
water or l)romine water o.xidise chromic .salts. 

)ll;3+3NaOCl4-4NaOH -- aAhoCrtAf + sNaCl + 5H,,0. 


i r' 


Chromates. 

Rkactions in Solution. 

I. Sulphuretted hydrogen in presence of an acid reduces 
the chromate to a chromic salt, the colour changing to green, 
and sulphur being precipitated, 

3KXr04+ loHCI + 3H2S -4KCI + 3CrCl3 + eSH^O + aS.’ 

3. Sulphurous acid also reduces cliromates to green 
chromic salts, but no sulphur is pnR'ipitated. 

3 K..Crt b + 3 1 laSOg + sHoSO^ - 2 K^.SO^ + CriSO^ig + 5 M .XX 

3. Silver nitrate in neutral solutions fornrs a red prccijiitate 
of silver chromate, soluble itt nitric acid. 

4. Lead nitrate gives a yellow prticlpitate of lead chromate. 

5. Barium chloride precipitates yellow barium chromate, 
soluble in hydrochloric acid, 

6. Mercurous nitrate produces a dark-red precipitate of 
mercurous chromate. 
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(.'lirDin.'Ues an- ea^-ily reduced to rlinmiir halts, and sheiofmc ■ 
cliruiiiateh and I’liroirnc acid are powerful oxiiiising tu^enth (sfa: 
volumetric work). 

Distinction between Chrom.ates and DicuROMA'i'Es. 

L'lirornates are converted into dichromates on addition of 
ar id, the colour changing from yellow to orange. Dichroinalcs 
arf i hangcd to clironuites by alkalies. 

(■lirnni:it(;s are neutral U) litmus, while <li< hrnsnates are aci-d. 
Solutions of dichroiiia.te decompose carbonates, carbott ilioxide 
lieing evolved. 

l)ETl-:C'rt()N f)F A CliKOMirW S\!.T AND CnkCiMA'l'E 11 fOE’ITIEl-:. ■ 

lloil a little of tbo substnuc(^ with sudinm •:a)'b(jnate srihttion ' 
and fdter. If chromates be presemt the filtial(; is yellou : eon- 
firm with a lead srdt. 'I'he precipitate will contain (lie chromium 
of the chromic salt a.s hydrate. 


Aluminmin. 

Al, 27-1. 

a 162. Dry FtEACTiON. 

I. Heated on charcoal, aluminium cotnpounds leave wliite • 
aluminium oxide, ALO;^, which when moistened with cobalt 
nitrate and reheated gi^•es a blue mass of caibalt aluminate. 
(Silica :md silicates, phos[)hales and borates, give a blue mass, 
but require to lae fu.sed.) 

Reactions in Solivi'jon. Use a solution of alum, 
K.,SO,iAU(SOi),, 24 Ho<.>. 

1, Add hydrochloric add, etc., as Irefore, then ammonium 
chloride and ammonium hydra, te. A white iireci])itaie of 
aluminium hydrate, Al(OH);{, is produced, soluble in a large 
excess of the reagent, but completely repreripitatcfl on Imriling. 
The jirccijiitate is also stduble in dilute acid.s. 

2. Sodium hydrate gives the same precipitate, readily 
.soluble in exce.s.^ forming' sodium aiuniinale, Na-Al^bt wbid) is 
dei ompused by ammonium chloride, the preci])itation lieing 
cuniplel<' on boiling. Sodium aluminimi is also decomposed l)y 
dilute acid.s. 
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j. Aminonmm sulphide foi-nis the same prcciiiitate. with 
moluliou of sulphuretted hydro.ncn. 

4 . Sodium carbonate proJiu'es a jfrci'ipitate of hydrate 
aud rarboUi'ite, rvhich gives pure hydrate on lioiling. 

5 . Sodium phospliate precipitates wliite aluminium phos- 

[ihatf;, .ill’O,,, soluble in mineral acids, but insoluble in acetic 
acid or ammonia. . ^ ^ ^ 


SKrAKATIOM OF THE METALS OF TIIF IRt'LY CKOCT. 

163. 'I'he detection and separation of the inelais ol the iron 
'■roup dei'icnd uyion 

it!) I'he solubility of the hydrates in hydrocliloric acid. 

(r) Ttu; precipitation from this solution ot ierri<’ and chromic 
hydrates by boiling with excess nf sodium hydrate, 
aluminium remaining in solution. 

(f) Th(; conversion of chn^mic hydrate to a soluble chnmiale, 
llic iron oxide being insoluble. 


THE ZINC CROUP. 

Aletals wheese sulphides are precijfitated in alkaline, but not 
in arid solutions. 

Zinc. 

Zn, 6 s-37- 

164. Dry RiiACTioNs. 

I. Heated in a bulb tube, nwst zinc compounds lear-e a re.sicluc 
of mxide, vrhich is yellow when hot and \\'hitc when cold. 

Heated on charcoal with a little sodium carbonate, zinc 
compounds are reduced- to the metal,: which is volatile and 
ea.sily nxidi.sed. No bead is formed, but an incrustation of 
oxide .'ipptsirs on the charcoal. When moistened with .solution 
of I'liliah nitrate and again heated, the residue becoin<.‘S green 
( Rininriiiir.s green). 

RLtC'l'ltjNs L\ SoIjUTION. Use a solution of zinc sulphate, 
ZnSt )j; rli.jO, 

'i’o a j)ort!on of this solution add dilute hydrocliloric acid, 
then sulpluirettcd hydrogen ; next boil off the latter or take a 
fresh portion of the solution atid add ammonium chloride and 
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itnniouia. Ndu* tls-a n'sulis and t imtiitlcr tlioir utility. Repeat 
dii-. ju-oreciun- witli the other metal;^ of the p;i'<^>up. 

r. Ainmoniuin sulphide, or 11 .^, S in the alkaline soir.tion, 
”i\e?. a uhite |ncei]3itate of zine sulphide, 7 -nS, iiisolubir; ui, 
ilkali'-s or in acetii acid, soluble in mineral acids. 

:t. Sodium or potassmm hydrate prccijiitates uhite z-hu: 
hvdojside, XmOll).;, -.oluble in excess, forntiuj^; ati alkaline 
.'im ate. ZnA *Naj.j. Sulphtiretted hydropen pret ipitatcs the /.irn 
frotti ti’.is completely as snl])hide. 

p Sodium, or potassium carbonate jirodmes a white 
precipitate of liasie zinc ( atbonate, nXnCt 3Zni’OH'!.>. .S.am 
carlton dio.xide pas is liberated. This prc'ci])iia1.e is abo obtamcd 
witlt ammonium carlxjnate, but is soluble in excess and in other 
airimonium salts. 

4. Potassium cyanide pives a white' prec,i])ilale oi zinc 
cviuiide, soIul.ile in excess, lurininp llie double, cyanidej 
ZnCyo.ttKCy. 

Manganese. 

Mn, 54-93. 

165. Dry Reactions. 

r. All manganese compounds, heated with three p:irts of 
fusion mi.xture and a little nitre, on platinum or jtorcelaiii, 
produce a dark blue-green mass of alkaline manpanjite, 
Na»Mn0.i. If this is dissolved in water and the sululion 
acidified with sulphuric acid, the colour chanpes to ])ink, owing 
to the formation of permanganate, NaMn04. (See par. 91.) 

2. The I'torax or microc.osmic bead is coloured violet to 
amethyst in tlte oxidi.sing tlaine (]\In...f but is colourless 
in the rcdticing' tkune (MnO . lbD;>)- 

Reactions in Soeution, Use a solution of manganous 
chloride, or sulphate, lest with hydrochloric acid, etc,, as 
directed under zinc. 

[. Ammonium sulphide gives a llesh-colourcil pret ijiitate 
of manpaiious .-’Ulp/hide, AlnS, insolulde in alkalies, .•.oluble in 
acetic arid or mineral acids. 

2. Sodium hydrate precipitates wdiite mangjuious liydrate, 
AIiv;()Il).>, insoluble in excess, soluble in ammonium chloride. 
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'rh(' prcripitate rapidly turns brown thi-ough oxidation to man- 
ganic Indrate, >In/);j.H20. 

Ammonium liydrate gives the same precipiiato in 
abM>ni'e of amnicmium salts. In presence of ammonium chloride 
no precipitate is obtained, but by passing air through the warm 
solution the manganese may be completely precipitatc-d a:, 
sestjuioxide, MnXhj.IRO, For this reason it is difficult (o 
separate iron and mtmgtinesc by means of ammonium rliloridc; 
and hydrate. 

4. Sodium peroxide, sodium hypochlorite, or bromine 
water, added to the alkaline solution of manganous salts, oxidise 
the mangtmese to higlau- oxides, MmOjj or .MnO^, which are 
precijjitated. 

5. Alkali carbonates precijfitatc white m;ing;tnous car- 
Itonati', MnCO;j, insoluble in e.xcess, soluble in ammonium 
ehloride. 

6. Permanganic acid reaction, riace some lead per- 
oxide, or red lead, in a test-tube, add dilute nitric acid and a 
solution of manganous salt (except haloid salts) and warm 
gently. Allow the lead peroxide to settle. The liquid has now 
a rose-pink colour, due to permanganic acid. 

Permanganates.' 

I. Heated alone, these decompose into oxides of the metals 
and free oxj’gen, with some manganate. 

c. Heated gently with sulphuric acid, some manganese 
heptoxide is lirst produced, the metals form sulphates, and free 
oxygen is evolved. 

3. With strong hydrochloric acid, chlorides are produced, 
anti free chlorine equivalent to the available oxygen. 

2 KMn( ), = K/) 4. 2 ]MnO„-f 3 . 6 . 
aKMnt ),t+ K 2 SO 4 + Mn.Py -i- H.O, 

3KMnt.)44-3H2S0;=K2S04 + 2MnS()f4-3H.X)-fS . O. 
2KMn04 f i6IICl-2{^Cl + 2 %(:],-f- 8 lL(> + ^ . CL. 
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5. Hydrogen peroxide and a.-i.idWi vdth 

:fi.i]j)Iii3ni: acid uriiiictliaLic-ly (k-slri..\- iMlicr uhcn uii’a.ii, 

evolving oxygen in e<iuivaieiif .•iininnits. Tins n-.'n ;lun i:, 
employed for the estimaliuu of hydrogen peroxide and of 
permanganates. 

Nickel. 

■N'i, 58-68.' ■■ ■ 

166 . l.)kv Rt'.Ai.'noNs. 

t. lle.'ited on charcoal with fusion mixture, metallic tiiflad is 
ol'Jtained as a grey magnetic jvowdej", 

2 . 'Fhe bonix bead is cukaired red-brown in tln' oxidising 
tlaiiK- iNi( t . b,,0.,), and in tin; reducii)g tiaine ( oiiHuie.,., hut 

slightly opaque from metallic nickel. 

Rkactions in SnnrriDN. Use a snlntioiusf nii’kei bulnliale, 
NiSO,j . 7li.,C). 

1. Aimnomuill Bulpllide gi’.es .a black pre<-i]tit.-!te ul nic 
kelnn.s sulphide, NiS, slightly .soluble in ev< ss, nv olubk* tn ;ir( tif 
acid, holtibie with diffirtiky in iiydnsddoric acid, t'-adiij in tkim 
acid, ttqua regia, or hyilrochloric acid ;i,nd potassiurn liilontic. 

2. Sodium hydrate precipitate-, s ttitple-green nickeloab hy- 
dnite, NifOHlo, instdiiltle in f‘>.ccs.s, stjluijkt in tunniunia cjr its 
salts. CUi ignition it lea^•cs gre.y nickd(.tns oxide, NiC). 

3. Ammonium hydrate give.s tlie .same precijtitate, Kuluhle 
in excess frjnning a deep blue .solufitsn. 

4. Sodium carbonate preripitate.s an ;ij»ple-grcen l>a,si( 
car])Onate of varjdng coinpositioti. The sarnt; i.s obtained with 
anunoniuin carbonate, but is soluljle in exces.s. 

5. Pota.SSium cyanide produces* a green Jtns ipitate of 
nickelous cyanide, Ni(,CN)._j, .soluble in excess of pnUi.ssium 
cyanide, forming the complex cyanide KNiCxq. Siilplmrctted 
hydrogen give.s no preci]-)itate from this .solution, the nickel 
forming part of tiie eotnpk'x ;inion---= NbCy>. but the ( omponml 
is comjtletcly derctrnpo-sed iiy-hoiling with liydrfichktric arid. 

6 . 'Uj the .alcove solution in ptvtassitim cyanide add Bodium 
hypochlorite, nr .sodiiiin hydrau* .and hroinim* waici, and 
warm gxmtly, Black nickelic hydrate is ]treri[)itatcd. 

3Ts i(, y., T Nut K 1 + 5 t - X i„. t )H y. -j- .X’a (,'! 4-.| Mt ')■. 

'iliis rcacticftr'il^ employed to separate nirke! from cubalt, 
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Cobalt. 

Co, 58-97. 

167 . I)RV Rk.\ctions. 

I. lIcTitcd on clinrcoiii, cobalt ccanpuunds are reduced le^s 
ea&il} than those of nickel, yivinj^ a grey, feebly magnetic 
jjowder. 

.t. d’lie borax bead is coloured dec]) blue in both oxidiidnj^ 
and reducing tlames fCoO . 

l\K.\fnoNS IN .SolX''J'H)N. Use cobnltous chloride or nitraie. 

1. Ammojuum sulphide ju-ecipiuitos black cobnltous sul- 
phide, Co.S, insoluble in excess or in dilute acids, soluble in 
ucjua regia. 

2 . Sodium hydrate pn;ripitates a blue basic salt, -which 
ah.soriis os)gen from air, the colour changing- to olive-green. 

3. Ammonium hydrate gives a slight ])rccipitate of a 
similar ha.sic salt, soluble in excess, forming a red-brown solution. 
"i‘his absorbs o.xygcn on standing', and becomes red in colour, 

.]. Potassium cyanide gives a light brown precipitate of 
cobaltou.s cyanide, CoCy.^, soluble in excess, with formation of 
the double cyanide 4KCy.CoCy2. Dilute acids reprecipitate 
cobaltous cyanide. 

This substance is very readily oxidised to pota.ssium cobalti- 
cyanide, the change taking place even on boiling with water 
alone, but more readily in presence of a little free hydrocyanic 
acid ; hydrogen is evolved in the ai)sence of air : ^ ^ ^ 

eCnCy^ ■+ 2 1 1 Cy = CogCyfi -f H., . 

This cobaltic cyanide remains in solution as the complex 
pota.ssiimi cobalticyanide, from which oxidising agents (NaCRd; 
give no precipitate. 


Sbl'.VRATION OF THE METALS OK THE 
ZINC GROUP. 

168 . The detection and separation of the metals in this group 
depend on : 

(a) Ibe solubility of zinc and manganou.s suljjhidcs in 
dilute lj5-drochloric acid, those of nickel and cobalt 
/ being insoluble. 
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The pr'.-<'ipit:iti(rn of zinc and inau.uan(ju.s indvoxidos by 
sodium liyilnitc, die zinc coiiipound alone l-icini; 
soluble in exeess. 

I'he pn-i ipitation of nickel and cobalt as cyanid.cs, 
solulde in excess of potassium cyanide, tlie rtvindl 
conr,iouiul beins<- converted, by boilinj;, into coltallii 
potassium cysanide, from \vl)it]) cobalt is not jjnei- 
pitated l)y heatiiiif with sodium 1iy])oclilonle, uliile 
tiic iiickcluus cy’anide is oxidiscnl to the black uii kciic 
hydra,te. . ^ . 


Mel.'ils \v})f)se car];onales are insoluble in aminmiium hydroxide 
or caidtonate. 

Barium. 


169 . Dry Reaction, barium compounds give a persi-sicnt 
green colour to the Bunsen llame, esjtccially when moistened 
with hydroGhloric acid. 

Reactions in Soli' iton. Use a solution of barium chloride. 

T’est .small portions of the solutions of barium, stnmtiuni 
and calcium with the group reagents for the foregoing groujw, 
namely (ij hydrochloric acid, (ii; hydrochloric acid and sulphur' 
etiod hydrogen, (iii) ammonium chloride and anmirmia, and 
(iv) anunonium sulphide. Xvile the results obtained. 

I. Ammonium oa,rbonate gives a he.ivy white precipitate 
of barium carbonate. BaCU., decomposed by acetic acid, and 
•slightly soluble in ammonium chloride. 

a. Sulphuric acid or a. soluble sulphate (CaSt*).;) ]u-e- 
cipitates heavy white barium .sulphate, BaStdj, in.'ioluble in 
acid.s, 

3. Potassium chromate prfxluces a lemon-yellow }»re- 
(.ipitate of barium chromate, BaCrO^, .stjluble in mineral 
•acids. 

4. Ammonium oxalate [)rocipitates white barium <.txala«.\ 
B;iU/)i, soluble in mineral ticids, or in oxalic or acetic ;n ids 
when frcs])Iy precipitated. 
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Strontium. 

Sr, 87-62. 

170 . DK'.' Ri’.ACTiON. Stronliuni ('onipoiindh an 

intense crimson colour to the Bunsen flame. 

Reactions .Solution. Use a solution of strontium 
■chloride. 

I. Ammonium carbonate gives a white pre(;i])itato 
strmnium carbonate, SrCO,.;, decomposed by acetic acid. 

2^ Sulphuric acid jiruduces a Avhitc preciijitiste of strontium 
sulphate, SrSt),. The precipitation is slow from dilute solutions, 
irnd i.s accelerated by adding ammonium sulphate. 

3, Potassium ohroina.te precipitates yellow strontium 
chromate, SrCrO,;, li'om solutions which are not too dilute. 
'I'he chromate is soluble in ntxAic or mineral acids. 

4. Ammonium oxalate girt's a white preciiiitate of 
strontium nxaJate, SrhU)!, less .soluble than barium o.xalate, 
dec,omposr:(.l by mineral acids. 

Galoium. 

(.'a, 40-09. 

171 . Dry Rkactuvn. The Bunsen flame i.s coloured yel- 
lowish red by most calcium compounds, especially when 
moi-stened with strong hydrocliloric acid. 

Rk.vctioxs IN' Solution. Use a solution erf calcium 
chloride. 

1. Ammonium carbonate precipitates white, amorphous 
calcium carbonate, (.'aCOrj, which becomes crystalline on 
standing, 'riiis is soluble in acetic acid and slightly solulfle 
in .'immonimn chloride, e&pc'cially on boiling. 

2. Sulphuric acid give.s from strung solutions of calcium 
salts a while precipitate of calcium sulphate, CaSO,j, soluble in 
much rwater or in ammonium .sulphate solution. 

3. PotaBsium Chromate causes no precipitation, calcium 
chromate being soluble in water. 

4. Ammonium oxalate jn-oduces even from very dilute 
sokuions a white crystalline precipitate of calcium oxalate, 
Ua(.'./.),, soluble in mineral acid.s, insoluble in acetic acid or 
ammonia. 


Tl-IE SfjDiVM 

t 

; SEPARATION O]’- THE METALS OF TEE 

S BARIUM GROUP. 

172. The separaiicin and detecliou of diese inetaU is 

' on ; . . . ' 

i frt) The insolubility of barium chromate in acetic add. 

I strontium and calcium chroniate.s boinj^ solnlde. 

j (//) I'he insolubility of strontium sulphtite in u'.'iter or 

j ammonium sulphtite solution, cah.ium suiphali- bciny 

. soluble. 

(r) The insohdjility of s-al-’inm oxaiate in aictir ;i< id. 

' THE SODIUM UROUI*. 

i: This group comprises the metals p<.)lassiiim, sodium, hthiura 

and jnapnesiinn, and tlie comities cation ammonium, Nllj, 
v.’liicli are not ju'ocipitated iiy any I'lrcvious group reagent. Tlie 
I student should prove the latter statenient for hiinKelf. 

I Potas.siuni. 

' K, 39-1. 

! 173. Dry Reaction. Potassium eomjjounds colour the 

‘ Bunsen flame violet. This cannot l;»e detected in presence of 

' sodium, unless a cobalt gla.ss or permanganate or ijidigo prism 
be used, nliich does not transmit the yellow sodium liglit. 
Re.\ctions in Solution. Use potassium chloride. 

I. Platinio chloride givers a heav)', golden-ydlow crystal- 
line precipitate of potassium platinichloride, K.;PtCl,;, .slightly 
soluble in water, insoluble in acid.s nr in alcohol. If no prcci- 
J pitale. is obtained, evaporate to a sin.all hulk and add an e(|ual 

: vohuite of alcohol. 

] 2 . Tartaric acid j,)n.'ci]ntatos white crystalline potassium 

I hitartrate, K(' 4 ll.-P(a strong solutions, f‘spi-ci:tIK on 

1 shaking. 

Sodium, 

I Na, 23-0. 

174. Dry Rkaction. An intense goltlen-tellow colour is 
imparted to the Bunsen flame, the light appietiring through the 
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ppfrtros<-opt: as a bright doulile line, ri)infiding with tin- solar 
1 ) liiK'. Tiie reaction is a very delicate one, and tne coldura- 
tiun shuuld be strong and persistent. 

As most sodium compounds are .loluVile in ^Yatpr, the tlame 
te'^t ithieliv is relied on for the (h-tection of sodium. 


Litlimm. 

. Li, /•o. 

175. Luv Reaction. 'The Runsen flame is coloured cnniHun 
l)v liihiuin coniitounds, the spectrum containing' two lines, a 
bright crim.son and a feebler ortmgc line. 

RK.\<TioN.y IN Solution. l.'sc a soUifion of lithium 
tliloriile. Platinuin chloride or tartaric acid gives no preci- 
pitate, , . . 

1, Bodimn phosphate gives, on boiling, a white iirccijatate 
of lithium phosphate, aLiaPOj. H.O, especially in presence of 
sodium hydrate. The precipitate is solulde in hydrochloric acid 
or in ammonium salts. . 

2. Alkaline carbonates precipitate from strong solutions 
wliitc- crystalline lithium carbonate, Li., CO;,, insoluble in alcohol, 
decomposed by acids. 

Ammonium. 

NHj, iS- 04 . 

176, L!rv' Re.actfon. \^d^en heated in a dry tube, ammomum 
salts volatilise either wholly (those with ^■olatile acids: or partly 
.'those with fixed acids, as phosphoric). In the lurmcr case a 
sublimate nil! form on the cold part of the tube. On adding a 
little soda lime and again heating, free ammonia is obtained. 

Reactions in Solution. Lsc a solution of ammonium 
chloride. 

r, Platinic chloride gives a heavy, v-ellow crystalline pre- 
cipitate of aramonium platinicb.loride i NI'iiLPlCl,., soluble in 
nuich water, insoluble in alcohol. On ignition, this comj'immd 
le.'ues only -spongy platinum, and is thus distingui.shed from tin' 
similar ]jolassium compound, whidt leaves a residue of pota.ssium 
diloride and platimnn. 

2. .All ammonium salts are decomposed whetn ground with 
sodium hydrate or soda lime, evolving free ammonia. 




A M A] ( )NH; M —MAC, \ f->l V M . 12- 

3. Nesslor H TBageilt a l^rowii jilV! ij'itaU' !."f ‘.Hivierrur- 
aniimmium iodide, or h yellow nr brown i.-oinuratinn in hulutiuns 
('onniinin.M mere iraci.'s of aniinouin. 

2-2K] . NiJ.DH +3KOH NilyJ . liy ).i.;rK| 

Ma-gnesimu. 

.. Mgv 24-32. ■ 

177 , Dry Reaction. Magnesiuns coinpouiitli U;rivc a nliife 
residne on diarcoal, which b<‘Coinc;s incandescejit. If ihiK ih 
nioislened with coljuit nitrate and again heateil. it !tef'nt(U->-' pijik. 
Thi.s reaction, however, is only ivlialde in absema- ol' other o.-ddes. 

Reactions in Solution. Use a, .solution of magiur.sium 
sulphate. 

1. Ammonmin Imhute produces a partial ]:iief ipitaie of 

magnesium hydrate, suluble in atrunonium diluridf. 

Ammonium sidt.s cumph-lely jircvent this jirr-. lpiiation. 

2. Potassium, sodium, calcimn or RiriuiU Iwclrates preci- 
pitate magnesium hydrate almost ccmiph.-tcly. It is almost 
insoluble in cold or hot water, readily soluble in tlilule acids. 

3. Soclilini pilOSphat© giv es a white preci|jilat!' of uiagiit- 
siiun hydrogen phosphate, Algiri’O,.. in prc-senre of auunoniry, 
magnesium ammonium phosphate, Mg'MHjr'<li.j.6H.,0. is 
obtained as a white crysttilline precipitate, practically insoluble 
in dilute ammonium hydrate, soluble in mineral acirls or iti 
acetic acid. From very dilute solutions the precipitate forms 
very slowly. 

MgSO,j + Na J ! PO j + N H ., 0 1 T - Ai gN H jPO . + Na.St ) , -i- H,< ). 

When ignited the precipitate is dccompo.scd into magne.sium 
pyropho.sphate, with loss of ammonia and water. 

2 'Sl'jS H Arg.,P.,0„-p eNll,-!- li.,0. 


Detection oe ’iiie Ali-:'rAi,.s of ttik .Souium fimirp. 

178 . In this grou)) the flame colouration i.s a reliahle test for 
sodium, potas.sium tind lithium, e.special!)' if exnmineii b}- mean.s 
ofa s] ](■(•! ros< ope. Potas.sium i-- rfmlinned In the la'a! tion with 
platinic oirloridc. 



'L'hc only at-pn ration necessary is that of maguesimn fi-oni 
lithiun!. 'riiis is effected by precipitatiiyi;' the niagnosiun) in 
cold solution with sodium })hoaphate and ammonia, and (he 
lithium by boiliuL; the rilirate with sodium hydrate. 


Hydrochloric Acid. 

■ ■ "HCl. ■ ' 

179. Rkactions. Use .sodium ciiloridc. 

5 . Wanned with strun;^ sulphuric acid, hydrocliloric acid 
is liberated, and is recognised by its smell and by the fumes in 
moist air. 

2. W'armed with strong sulphuric acid and manganese 
dioxide, chlorine is liberated, recognised by its smell, and 
its bleaching action on litmus paper, 

3. Silver nitrate gives a white precipitate of silver chloride, 
AgCl, readily sohible in ammonium hydrate, but insolulsle in 
nitric acid. 

4. ,\Varmed with strong sulphuric acid and potassium 
diohromate or chromate, a red vapour of chromyl chloride,' 
CiD^Cl,;, Is given off (see preparation of chrom\d chloride). 

4N aCI + h-jiCnjOi;' + 3 H 1 

~ 2CrOXL + 2N a.S.O,, + K.-SCb + 3I h, 0 . 

The \n[)our, when poured into a test tube containing water, 
gi\’es a yellow solution of chromic acid and hydrochloric acid. 
If sodium hydrate he us<;d instead of water a yellow solution of 
chromate and chloride will be p 3 'oduced. 

CrOX'l., T 4 N a 0 H - NaXrOj + 2N aCl + 2H X. 

The chromatti maybe tested for l)y acidifying with acetic acid 
ami ariding lead acetate, (Compare the action of hroniine on 
sodium iu'drate.) 'f’hls gives a means of detecting chlorides in 
presence of bromides, 
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Hydrobromic Acid, 

HBr. 

180 . Rkactson.s. [J.se pctassiuni broinide. 
i. Warnu'il uith btrony sixlphlirio acid, hydrobroniir acid 
anti !)roiniiic‘ arc liberated, the latter owiny to oxidation uf |t;>rt 
c.f tin: li\drobr(iinir acid by the sulphuric acid. 

el iBr+ ii.;SOj----oT i A) -f SO.h- ihv. 

With sulphuric acid and manganese dioxide, brour.iie 
is liberated. 

p,. Silver nitrate yives a pale yellow pretdpitate of !'ih( r 
itroniide, AyBr, soliibhi witli (liflicnliy in iiiuinonium liydnue, 
and insoluble in nitric acid. :> 

4. Chlorine water Htut juit sodium hypochlorite or uitivius 
acid) added to a solution of a hroniidc liberates lu'oiiiine, ;uid on 
sliakiny with carbon di.Milphide or chloroform a hit»v,n laj er is 
formed. Excess of cldf)rine o.^idiscs tlu* bntuhtie 

to bromic acid, HBrO;;. 


Hydriodic Acid, 

HI. 

181. Reactions, Use. potassium iodide. 

1. Warmed with concentrated sulphuric acid, a little 
hydriodic acid is produced, and much iodine. The smell 
sulphuretted hyflroyen may be detected. 

2Kl + HoSO^-lCSOi + 2Hj. 

81 1 H- H ,>S(h -4 H 2O + IBS + 4 1 .,,. 

2. Warmed with concentrated suljjJniric acid and man- 
ganese dioxide, iodine is liberated. 

3 . Silver nitrate yives a ])alc yellow ])rccipltate of silver 
iodide, Ayl, in.so!uble in amnKiniiun hydrate or in nitric acid. 

4. Chlorine water, sodium hypo<'hlorite or nitrous add 
liberates iodin<‘ from iodides, and on sliakiny with carbon 
Jisulpjhido, a violet Itiji’cr is obtained. The chlorine water 
must be added drop ]>y <lrop, as the iodine Ii1.)era1ed is wry 
readily convtirled into i{Kiic acid. 

I + 3 H,.U + S{ H 103 + 5 H Cl. 

If bromine and iodine anj liberated Ingelher in this manner 
15, 1‘. c. I 
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arul shaken with carl)on clisulpliidc, iho iodine colour masks that 
of ilsc brcaiiine, but by careful addition of chlorine waic-r ihe 
ccilonr of the iodine disappears and that due to the bromine is 
left. 

5 . Sta.rch pa,ste gives willi free iodine a deep l.ilue coloura- 
tion. 

b. Copper sulphate in })rcsencc of sul])hurous acid gives ;i 
Wifne precipitate of cuprous iodide, Cir.L.. 

::t,'uSnj + .2Kl + H 2 S 03 H- 1 1./'* — 2 KI-I SO, + H^,SO, -p Cu..b.. 

by tliis means the iodide may be reniovod, oni' ]tarl of tiic 
ftllr.-itc tested with chlorine water and carbon disulphide for 
In-oinide, and another part evaporated and tesr(>dln the clmanyl 
chloride test for chloride. 

To test for the halogens in presence of .a cy.'mide, iirsi reincae 
the cyatiidc by boiling with <liliite nitric acid, or with excess of 
sodium Iticarbonate. Or precipitate with excess of AgXO., and 
ignite the ])recipitate. Siher cyanide is decompose!.!, the 
diloriile only fused. See also under Hydrocyanic ticid. 

Hydrolluorio Acid, 

■■ ■■ ...HF, . 

182. Kkactions. Use sodium fluoride. 

1. ^Van■ned with strong sulphuric acid, hydrofluoric acid is 
liberated and may be made to etch ghiss. Use a leaden dish 
for this experiment. If a test-tube is used a grea.sy apjtearance 
is often noticed in the tube. 

2 . Heated with strong sulphuric acid and sand, silicon 
tetrafluoride is produced (see preparation of silica). On hohling 
;i iTKji.sl glass rod near the mixture a deposit of silicic acid is 
seen on the rod. 

3 . Calcium or barium chloride gi\-es a white precijjiiale 
ofllinn’icle, OaF,. or BaFg, 

4 . Silver nitrate gives no precipitate-. 

HyiDochloi’Ous Acid. 

H OCl. 

183. U-sc sodium hypochlorite, NaOCl, or bleaching powder, 
CaCl(t)Cl). The peculiar smell of hypochlorites is due to free 


H Y IHjf'f i J .! ) [UTI'.'S— CTILUK AT1-:S. i ,:;i 

iu. pij< lilormih :u‘i<.i. .Aliicli is lil)c-rnU'‘<l hy tlic at-doa oi 
plaaic carbon dioxide gas. 

N;!(>n-i-C«),,-| NaIiC(b. 

Ri'.\i'Tio.\s i.\ Sf)irTi(iN. 

i. When llt;a,fced in .solution, or in Uio dry state, hypodiluriU".; 
are conxerted into ciiloriiles and clilorates : 

6( •;){( tCl !.,- sOiCL + C:i(Cl(');,l.. 

.n When the solution i.s lie.'ited with a little cobalt oxido 
;'<i!it,iined by additi(jn of cob, ill nitrate solution), oxypen i-- 
cnadved, and a chloride left : 

u(.’.:u'n(’IU-2<'aCL + < 

3. f))! adding dilute hydrochloric acid, f hlorine is iibuaieii, 
whicl’i may be detc<’ted liy adding to ;i solniion of jiota.ssiutn 
iodide and .starch idistinction from chlorates). 

4. 'The aciciiticd solution has ;i powerful bleachin.^ action 
on ve_getnble colour-s— litmus and indigo are decolourised, 


Chloric Acid. 

HC10;j. 

184. Use potassium chlorate, KCIO.,. 

Drv Reaction. .Vll chlorates give off oxygen on heating, 
leaving chloride.s. The oxygen contains traces of chlorine. 

Reactions in Soi.ution. 

1. Ideated gently with strong sulphuric acid, ch.loriiie 
peroxide, C10._>, is liberated, a yellowisli green, e.xploslve gas. 
I'se only one small crystal of chlorate : 

3KC]03 + 2H./,f)j--2Kl ISO(+ KCK), + 2C10^+ M.p. 

2. Warmed with hydrochloric acid, a mixture of chlorine 
and chlorine peroxide is obtained : 

b KCl 0,5 + 241 1 Cl = 6CU0. 4- gCl.., + 8 KCl + 1 2 1 1 ./ ). 

Indigo solution is decolourised by this mixture. 


Carbonic Acid. 

1 \XA ),. 

185. 1)KV Kfv\cTtoNS. Carbonatc.s of the heavy metals give 
off carbon dioxide on heating. 



Biearbonates \v]ien Ijealed alom', or v.hoa Ixiilod ni water, 
give ot'f 'svatcr and carijon dioxide, l(ia\ ing carl)onateh (dibiinction 
Ivetween ravl)ona,tc3 and l)icarbonates). 

Kkactions im Soian'ION. Uye a yoluticaa of souiuin car- 
bonate, NaXC)... 10H2O. 

1. Dilute hydrochloric acid lilifirates carheva dinxitio, v, hicli 
Uiiiiy be recognised by pouring tlie gas inU) lime water, 'Ihe 
latter is turned milky. 

2. Silver nitrate fcirms a white pi'ccijiitate iff sil^■er cm-- 
lionate, solnble in dilute nitric acid or in anunoniuin iiydraie. 

3 . Barium chloidde produces a whin- j)reci]ntato of ijarium 
r'arbf>nate, soliihle in dilute hydrochlorii: acid. 

4. Potassium dichroinate iilajrates (airbon dioxide iVoju 
carbonates or hiearbunales, but does not liberate .su!])hur dioxide 
from sulpliites. 'The didivomate is eonverfetl into chromate, 
with t.'hange of i:olour. ('onijtarc 186 , 5. 

Sulphurous Acid. 

fD.S(J3. 

186 . Use sodium sulphite, Na-uSO;; . 7H0O. 

Dry Reaction. Heated on charcoal, a sulphide is formed ; 
when the residue is placed on a .silver coin and moistened with 
water, a. black .stain is produced. 

Rkactions in Solution. 

r. Dilute hydrochloric acid lilxa-ates sulphur dioxide, which 
is recognised ])y its .smell, and by reduction of potassium dicliro- 
mate .solution on a strip of filler paper held in the mouth of the 
test-tube. 

z. Barium chloride gives with strong solutions a white 
precipitate of barium sulphite, soluble in hydrochloric acid. 

3. Silver nitrate produces a white precipitate of silver 
sulphite, soluble in nitric acid and in ammonium hydrate. 

4. Chlorine water oxidises sulphites to sulphates, which 
may then Ik- (.'xamined for. 

5. Potassium dichromate does not liberate .suljdiur 
dioxide from sulphites, but is itself reduced to green ciiromic 
sulphate. It may be used to separate sulphur ilioxide and 
.sulpiuirctled hydrogf-n from mixtures of thfee gases with 
carbon dioxide. 


I'R/VCTICAL CIllwMlHTRV 



I'KACTK'.U- C'li.E.^ilSTRV 


Bicarbonates \\hf-)) alone, or when Itoilod in water, 

ol^\^aler and ('arhon dioxide, leas ing ('arhonalca (^diatiniMion 
hf.'iween carljnnatf.H and liicarboinitcis). 

KKArnoNS IN' Soiarnox. i'Se a solution of sodiuin oar- 
])onati-N Na..C(.);!. loHotd. 

1. i.^ihi'a; l^ydrocllloric a,cid libcraU's tairbon dioxide, whirh 
fvta}’ ]h‘ reco,!.;nisc[l l.'y ponrintf the i^as into lime water. ! lie 
latter is turned milky., 

2. Silver nitrate forms a white precipitate of silver car- 
lionaU, soluble in dilute nitric acid or in ammonium hydrate, 

.p Barium oblorido pi-oduces a white precipitate oi barium 
carhunate, soluliie in dilute hydrochloric acid. 

4. Potassium dicliromattt liberates carbon dioxide from 
carl )( man. s or biearbo,nate.s, Ixit does not liberate sulphur dioxide 
from sulphites. Tlie dichromate is converted into chromate, 
willi rhanpe , of colour. Compare 186 , 5. 

Sulphurous Acid. 

I CSC);,. 

18 G. U.se sodium sulphite, Na^SO,-) . 7H0O. 

Dry Rk.action, Heated on charcoal, a sulphide is formed ; 
when the residue is placed on a silver coin and moistened with 
water, a black stain is produced. 

Rkactioxs in Solution. 

1. Dilute hydrochloric acid liberates sulphur dioxide, which 
is recojfni-sed by its smell, and by reduction of potassium dichro- 
mate .solution on a strip of hiter paper held in the mouth of the 
test-tube. 

2. Barium chloride gives with strong solutions a white 
precipiialc of barium sulphite, soluble in hydrochloric acid. 

3. Silver nitrate Jiroduces a vrhite j‘)reripita.tc of silver 
sulphite, soluble in nitric acid and in ammonium hydrate. 

4. ' Chlorine water oxidises su!])hites to snl[)hates, w'hich 
ma,y then he examined for. 

5. Potassium dichromate does not liberate .sniphur 
dioxide from sulphites, but is itself reduced to green chromic 
sul])hate. It may be used fo separate sulphur dioxide and 
sulphuretted hydrogen from mixture.s of these gases with 
carbon dioxitle. 


>1 KS-ritif)Sll].,PnATKS. 

Bulpbvirii; Acid, 

HoSO,. 

187. I sc -i(.h!h;:ii ). 

i )KY i-vlvACI'ION, 

i ic;iii'<l on (.ii.u'cicil \viili fusinn mi.\fure, ;i s!i!](}>i(ic i.s iin .dsii.i-<l 
is( c |)ivj>;ii;nii!!i oi hariuin cliloride frfiiii barium .sulpluiu';. 

1 la. Sr) ; -i- .:;C + Xa./ :( >,j==- N + 1 jul,’) );j | .■;( 'i 

Hic jiriKlui I, placed on a -al' e! i uin an<i niolhU'iicd, pioilrii cs 
a brown stain. 

Rf'Ar'nox IN Siii.t'f'iox. 

Bi-uinni chloride a heavy \\liitc (U'ceipitate of bariiiin 
h!.ilj.»h;,tte, ins(j!uljile in acids. 

Hydroaulphiiric Acid. 

iSuIpliurctted llydnci^eii;, 1I,,S. 

188. Kkac'I'IuN.s. Use sudium Huj|)1iide, ]Sia.)S. 

1. Warm concentrated hydrochloric acid liljeraie.s sui- 
phuretled hydropen, v.iiich blackens lead acetate jiaper. from 
most sulphides (e.xceptions, mercury, silver, arsenic}. 

2 . Silver nitrate pives with solutions of sulphides a black 
precipitate of silver sulphide, soluble in nitric arid. Solutions 
of other metallic salts, a.s tltose of copper, cadmiujn or load, 
may also be used, and siiljihuretted hydrogen may be sejrarated 
in this way from mixtures with carbon dioxide. 

Thiosulphuric Acid. 

ILSA);;. 

189. Dry Rraction. Use .sodium liiiosiiljjhate, Na^.S^O,, . 
Sl-U.). 

Moated on charcoal with fusion mi.xtnre, a sulphide is prcKluced. 

Rkactions in SoLr"noN. 

r. I'lilute h^rdrochloric acid deroiu])o.ses thiosulphates, 
liberating sulphur dioxide and precipitaling- sulphur. (Compare 
.sulphites.) 

);j- 1-2MC1--- lh/) + 2 NaCH-SO.jd-S, 

2 . Barinm chloride gives no precipitate. 



I’RAi'TlCAL niKMlSTRY 


Bicm'boimtas when hcaK'f! nlonc, nr \\hun boiled ni w:it('r, 
X'i've otV water anti carbon diitxifk-, icaviiv^ carlronakaj (distinction 
between rarbotidtcb and bicarbonates). 

RKAt TiONfs kn Soi.i'TlON. Use a solution of sodium car' 
bonate, .iNri^Ct).), torbjO. 

i. Dihite hydroohioric acid lil)0ratcs carbon dioxide, wliich 
mrc,' be rccodniscil L'y pourin;4 the yas into lime water, i lie 
latter is turned milky. 

Silvi-T niti’ate forms a wlnte precijjiiate ot silver car- 
Irnnate, solnhlr* in dilute nitric acid or in ammonium liydrate. 

3. Barinrn tihloiido produces a white prcci])iiate of barium 
carbonate, soluble in dihili; I'n'drctchloric :icid. 

b PotciHwiimi dicill’onmtc', liberates carbon dioxide from 
carbonates «)r bicarlioiiaics, Inil does not libeiati; sulphur dioxide 
from sulpliitcR. d'lie dichromate is converted intfj <-hrumaU', 
witl'i chanye of colour. Compare 18 G, 5. 

Bulphuroiis Acid. 

l-f..S (■);.. 

186 . Use .sodium sulphite, NaaSOtj . 7ILO. 

Dky Reaction. Heated on charcoal, a sulphide is formed ; 
when the residue is placed on a silver coin and moistened wdth 
water, a black stain is produced. 

Re.\ctions in Solution. 

1. Dilute hydrochloric acid liberates sulphur dioxide, which 
is recognised by its smell, and by reduction of potassium dichro- 
matc solution on a .strip of filter paper held in the mouth of the 
test-tube. 

2 . Barium chloride gives with strong solutions a white 
preci})itate of barium sulphite, sfduble in hydrochloric acid. 

3. Silver nitrate ])rnclnceK a white precipitate of sih’cr 
sulphite, soluble, in nitric acid and in ammonium hydrate. 

4. Chlorine water cjxidi.ses sul['hitc.s to suljibates, which 
may then be examined for. 

5. Potassium dichromate does not liijcrate snljdmr 
dioxide from .sulphites, but is itself reduced tf) green chromic 
sulphate. It may be used to separate sulphur dioxitlc and 
sulplinretted hydrogim from mixtures of tj,i^se gases with 
carbon ilioxide. 


MM .rn A'll'.S --TI I losi: IJMiATKH. 

Sulphuric Acid. 

187. nniliuiii ^ululuiie, Na;jS().j. roH..<. ». 

DkY RiCACTfON. 

i fcalci! <,'11 fliavi Dill uiiij tusioii mixturf, a. sulpliitlc is jirDriiii t d 
'sLt.- j.sr('j)iira(iDii dJ hanLini cliloride from hariiim suipfiiUf- .. 
iliSt I, jNiuS-}- lA'iC< R. 

i hi- jSi'Diiii.-i, jilai! D Dll a b'hx'i' coin luid nioistuuod, uix'Jii. r-, 

a brown stain. 

Reaction IN Solution. 

Biiriirm chloride xivcb a iicaty while precipitalc oi' iiaduin 
suiphiite, insoluble in acids. 

Hy dr OHul] )li uric Acid. 

I Sul|)hu!cUeii liydrogeiij,. H.,S. 

188. KM-...'v( 'i'K'iNs. I '-.e Mtdinui sulplikle, Na.jS. 

1 . Warm -'unc-entrau'd hydrochloric acid libemies oii- 
phurelied hjdrogen, v.liii ii blackens lead ar.eui.le paper, front 
ino'.t suliihidrs fe\i.ept.ions, nicirtir}', .silver, arsenic). 

Silver nitrate gives wiib soluhons of sulphides a lil.ick 
pveci).til.ate of ^ihl;v snluhidc, soluble in nitric acid. Sokiiion:-, 
of Cither metallic .sails, as those of copjicT, cadmiiim or lead, 
may also be used, and sulphuretted hydrogen may be separated 
in thi.s way from mi.xturcs with carbon dio.xide. 

Thiosnlphuric Acid. 
ri,,S,,C.R. 

189. Dry Reaction. Use sodium thio.sulphate, Na..S,0.. . 

Heated on < harcual \iitli fusion mixture, a sulphide is produced. 

Reactions in Soi.utio.n. 

I. rdlute hydrooiiloric acid clectnnjiose.s thio.siilphates. 
liberating- .sulphur dioxide and jtrecipilaliug sulplmr. (Coirip.iro 
sulpltiU.'s.') 

■ Naa$,,<U-!-2] ICU-.-. iU) -l-2NaCH-SO. + S. 

;j. Barmin chloride gives no precipitate. 


1^1 pkACTiCAi. nti:Mis'rR\' 

3. SilTOr nitrate in excess gives a. white precipitate oi 
silver thiosulphate which on boiling turns yellow, brown, and 
iiriaJIy black (Ag.jSj. 

Nitrons Acid, 

HN 

390 , I.)!’. jRi.'Ai.'l'iox’. I'si.- suiliuin nitrite Meatetl 

on rharcoal, nitrites Jetlagrate, 

RltAttnuNS IN SuLUTUiN. 

1. Itiliiic liydrochloric acid liberates brown hinies of 
nitrogen peroxide, together with nitric oxide, 

2 . A ci'ystal o'- a s(jhnii>n oi feiTOllS Bulpbatc is tnriuni 
bri’Avn when added to a soluti<.»n of a nitrite, owing to the 
lonnaiion ot’ihe i;oni])ound al*eS(.i(. NO. 

3. Potassium iodide is deconi posed by tin acidiiied .solution 
of ft nitrite, liberating iodine, wliit.’h gives a blue colour with 
'starcln 

.p Aeidifieii potassium permanganate is decoiouri&ed, 
the nitrite being oxidised to nitrate. 

Nitric Acid. 

HNOs. 

191 . Dkv Rk ACTIONS. Use potas.siiim nitrate, KNOg. 

1, Heated on charcoal, nitrates deflagrate. 

2. Heated in a dry tube the nitrates of the heavy metals give 
off nitrogen peroxide and oxygen, and leat’e .an oxide. The 
nitrates of tlw alkali metals on strongly heating give off oxygen 
and lea\ e a nitrite, and finally an oxide.' 

RKACTIOX.S in SOI.DTION. 

1 . Con.-eniratod sulphuric acid added to a suluiion of a 
nitrate liberates nitric acid, and on the addition of copjter, 
blown fuines an- evolved. 

2. ff a solution of a nitrate is nii.xcd with an equal bulk of 
feri’OUB sulphate sokuion. and t'onceniratcd sulphuric 
acid poured carefully down the tube, so a,s to form a imavy 
la\'er at the bottom, a brown colouration is formed at the 
junction of the layers, 'I'he Irrown sub-stance has ihe com- 
position cl-'eSt }.| . N(h, ;uk 1 is decomjKxsed on warming, liberating 


\i ri; ».^ri! vrrs, 

nitrir oxide. The brown folour tlius (!i.s{-hai,j,c<l. bnliclr.s, 
bromides rmd nitritr-s interfere with tins lest. 

DETKCTION OF NiTKATFs IN I'RKSENOK OF llROIlHIsKS 
AND Iodides. 

Dissolve in the solution of Iht; nilrule ;i rrystal of |jofas.siiira 
iodide., add a little starch paste, a small quantity of dilute 
sul])l'uiric arid ami a piece of '.due. Tltc •/.inr lilienites liyilrupt-n, 
which reduces the nitrate to nitrile, and this in turn lilKsate- 
i(jdine, which produces a blue colour with llie stunit paste. 

if nitrites are already pric^ent, they muhf be reniuveti before 
api)lyin.q' Rhove test. Tliis may be done by boiling for a 
few uiinutes with ammonium chloride. 

1 Ohroniio Acid. 

diaCrO,!. ■' ■ ■ ■ 

Pemianganio Acid.. 

I-L^MnsOs. 

. The reactions of these acids will be found among those of the 

i metals, under chromium and manganese respectively (pars. 161 

■ and 165 ). 

Pliosphorio Acid. 

Hd'Cq. 

192 . Use sodium jihosphale, Nu..Mr 0 .i. 

bJRv React f ON. 

Heated on charcoal, moistened with cobalt nitraf.e and re- 
he.itcd, phosphates give a, blue mass. 

Reaction.^ in Sor.UTiON. 

1. Silver nitrate produces a c.anar}- yellow precipitate of 
silver phosphate, Ag;;I' 0 ,j, soluble in nitric acid or in ammuniuin 

'..'hydrate. ■ . 

2 . Barium chloride gi\’es a wldtc prccipitalo of barium 
phosphatt-, IkiHFO,,. s<»lublc in at'ctlc ruitl. 

3 . Ammonium molybdate ulmn adtlcd to a solution of a 
jdio^phale in ib(*' jircsmu e of ^.trong nitric a< id jiroduct's a* 
yellow precipitmc uf. amnionimn phosphonrdybdate either ;tt 

‘ once or on very geMfy warruimp i(‘oaip.'U’e atsciintes, 156. j 
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4. Magnesia mixture forms a wliite preciiiitafo <if riiag- 

nosiurn a.ii!moniu!n phosphate, MgNi soluble in 

acids. ({Jompare arsenates, 156.) 

5. Ferric chloride gives a yellowish white preciiiilalc of 
ferric pliiiSjdiale, FcPO,j, solLfl)lc in c-kccss of lerric chloride, 
iiisolubie in acetic acid. If the hydro< hloric a,cid jiroduced in 
the re.'iction is removed (by addition of sodium acetate) all the 
iron is precipitated. 

Arsenious Acid.- 

■■■■HyAsOs. ^ 

Arsenic Acid. 

MyAsO^. 

The reactions of these tw'o acids will be found among those 
of the metals (]>ar. 156). 

Bol’ic Acid. 

IlylK),;. 

193. Dry Riuctions. Use borax, . ioH.,0. 

1. borates when heated .swell up, fuse, aiid leave a transparent 
mass -which, when moistened with cobalt nitrate and reheated, 
gives a blue colour. 

2 . Place a little of the borate in a ])orceIain dish, add a few^ 
droj-js of strong sulphuric acid and a little meth3rla.ted 
spirit, stir and apply a flame to the mixture. A green flame 
is ohlaincd. 

3. I’he ,'tbiwti test is better carried out by heating a small 
c[iiantity of tire lx>rate, mixed witli calcium fluoride and 
potassium hydrogen sulphate and made into a stilt paste with, 
water, on a platinum wire. Boron fluoride is liberated, wliich 
colours the. tlame green. 

CaF.^h 2 KiIS 04 =: CaSO,i + K.>SO,, + allF. 

ByOy + 6HF = 311.0 h 2 B Fy . 

4. Boric add (liberated fron\ a borate by addition of an add) 
gives a brown stain on turmeric paper. The .stain becomes 
gi-frcnish black on addition of an alkali. i 

RKAt'/noN- m Soi.uTidN, 

Silver nitrate gives a white -pred])itate of inetaborate, 
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Ki)ini)ii.! in amninniun! hy<irai.e and in niirir add. < >n Imilin;^, 
the pn.H'ipuate uirn!-. Ijmun ami iinaliy black owing to rciluciion. 


Silicic Acid. 

ib^SiCXi. 

194:. Dry Rk.vc'I'IOa’s. b'se sodium silicate, Na.,Sin,j. 

f. ileatec! on clKircual, moistencal wiih cobalt nitrate .itni 
rebeaicd, silica and silicates give a blue mass on iusion (rotn- 
|)!ire. aJurniniuni, 162, i ). 

Mixed with a Jiuoride and heated witli concetitraleti 
sulphlll'ic acid, dli' on tetralluoride is produced (see tiuoride-., 
182, 2). Tlii.s test must iiot be caiTiotl out in a glass wssel. 

3. liofited in a miorocosmic bead, silii a dotes not dissolve, 
ami silicates only very slowly. 

■j. Iletited will] aodinm carbonate, soluble silicates are 
produced. 

Reactions in .Solution, l.'se soluble glass, Na.SiO;,. 

I. Hydrochloric acid lilicrates the silicic acid, which 
remains in soluti<m in a colloidal stttle. On e\;ipnnition to dry- 
ness, insoluble silica is produced. 

3 . Ammonmm ca.i’bonate gi\es a precipitate of silicic 
acid on boiling, ammonia being evolved. 

3. Silver nitrate pnrduces orange-coloured silver silicate, 
AgwSiOjj, which is soluble in aminoniiun hydrate and nitric 
acid. 

Hydrogen Peroxide. 

H.Oa. 

195. Reaction.^, 

1. Hydrogen peroxide decomposes on hciUing, especially iit 
})rescnce of alkalitcs, o.xygen being c\f)Kcd. 

2 . To a solution of hj'dntgen ))erf».\iile (or sodium pcro.xide 
dissolved in water, using proper ]>rcc:uUions) add dilute sul- 
phuric acid, a little ether, and one (»r two drop.s of potassium 
dichromate solution, :ind shake, A deep blue colour is given 
to the layer of eilicr, 

3 . Potassium iodide added to an acitlified solution of thit 
IJeroxide yields iodine. 
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4 . Potassmm permang'aiia,te, aciditied with .sulphuric 
acid, i.s at once decolourised Ijy h^'drupen peroxide, oxyyen 
being evolved from both .substances. 

Metallic Oxides and Hj^droxides. 

196. 'Hie ovides of hca,v\' uietals are practically insolul.de in 
water, and are variously coloured. Those of zinc and ahraiinium 
are colourless, zinc o>.ide liecoming yellow on heating. Most of 
them (lis;;nh’c, readily in hydrocldoric acid. 

Idle o.xidc.s of the alkaline earth niet.'ils are colourless, and 
Uiiiit; with water, with evolution of heat, to form soluble h}'drO" 
xides, die solutions having an alkaline reaction. .Magnesinin 
oxide doi.;» not combine vdih water, but is very sparingly soluble, 
and faintly alkaline in reaction. 

O.xide.s of tlie alkali metals also unite with watei', with evolu- 
tion of heat, forming the caustic alktili hydroxides, ’i'hese in 
llu: solid form are ()eii(jiK'S(.:ent, and alisorh carbon dioxide from 

:ai,r.'-, . . 

Hydroxides ot'hea'.'v metals give up water on heating, and in 
general leave anhydrous oxides. 

I’eroxidcs of the heavy metals iu general evolve a. ])ortiun of 
the oxygen on healing aloite, or with sulphuric acid, and libenite 
chlorine when heated with strong hydrochloric m'id, c.g’; red 
lead, manganese dioxide. 

OKa\N.IC ACIDS. 

The reaction^ of some of the oomutoner organic acids will lie 
found in I-’art I. B. .See Index. 

Hydrocyanic Acid. 

HCN. 

197. Cyanides of the alkali metals arc readily .solubh' in 
water, tho.su of the alkaline earth.s sparingly soluble, the solu- 
tions lndng' alkaline in reaction. Tliose of (he hoary metals, 
oxtojil mercuric cy.amde, llgi'CNA^,., arc insoluble in water, 
but generally soluble in solution of potassium cyanide. IMo.st 
o>!inulcs tire docompused by dilute acids, evolving hydrocy.uiic 
acid. 
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When hcHlcHi akme, most heioy iiH'lal ionnidt's dee<nnpos<A 
evolving the {Mjisouuus, coinliuslihle cvaiio^en p.ss. 'I'lit; alk,ili 
cyanides fuse on healing, :nul oxidise in air lo ryanates. 
Heated with suiphur, potassium eyanide forms thioi y.inale. 
KSCN, which produces a blood-red colour \ddi ferric cliioride. 
Hence the use of potassium cyanide as a ixthuing ageui, for 
oxides and sulphides. 

Reactions in Solution. Use a siduiion of pota •.•'ium 
ryanide. 

I. Silver nitrate gives a uldte t urdy pn;t ipitale ot sihu 
cyanide, AgCy, which dissnUts until one nioiecnh' of nlo'! 
nitrate has been rnkled f<jr I'ai h two niolrcules of potas-iim) 
cyanide, forming 1 lie compuiuid AgUy.KtA. 'Flu- adthtiou <>f 
more AgNOg produces a pennauciil pi'ccipiiaie of Agty, whiih 
greatly reisembles AgC'l, living hfiluble in .XnU )il, .Na.gSgOg, etc,, 
and insoluble, in dilute .HNO..,. To distinguish and .sepanite 
silver cyanide from the halide salts, ignite tin; dry jnccipiiale ; 
the cyanide decomposes, leaving metallic silver, wdiicli maybe 
dissolved by strong HNO,,; the halide salts fuse vvidmul 
decomposition, and AgUl may then be extracted with strong 
AmOli. 

a. Free HCN, liberated from KCN with a little dilute add in 
a small beaker, decomposes yellow ammonium sulphide 
placed on the bottom of a w'atch-glass over the beaker, forming 
thiocyanate. 

Anu.S.g-hHCN -Am.SCN +AmHS. 

Thi.s, wlicn acidified with 1 1 Cl to decompose Uie hydro- >• 
sulphide, gives a deep-red colour with FeCl,. Thi.s i.s a very 
delicate test for hydrocyanic acid. 

3 . To ibe solution of cya.niiie add a luivture of FeSdj and 
Fed;, solutions, and acidify with HCl lo dissolve hydroxides of 
iron. A deep-blue precipitate, or a blue or green coioumtion nl 
Prussian blue, is ol.)taim-d. -’See Fernnw'anic .Acid, 199.; 

Thiocyanic Acid. 

11. SUN. 

198. Rkaciton.s IN' Solution. Use a solution of }iotas»iuin 
or ainmoniuiu thiocyanate. 



hp PRACTICAL CIIEMlS'l'RV. 


1. Silver nitrate produces a wliilc curdy prenj/itafr of 
sil\er thiix-yanate, Aj<SCN, insoluble in diluic acids, soluble 
in A:mOH. 

;u Copper Stllphate, to winch suljdiurous acid has been 
addiai, forms a white precipitate of cuprous thiocyanate, 
Cu..' SCN'i,,. (')n ij^nilion this leaves cuprous sulphidt', t.'uoS, and 
is employed as :i metins of estiniatini^ copper. 

3. Ferric chloride .solution y-i^■es a deep-red Colouration, 
o'-.’.iny to die fmanation of tlie soluble lorric tliiocyaiuuc , 
Fc''S(.'i\;.j. I'erroits .sall.s yiie no colour. 

Hydroferrocyanio Acid. 

li,,FeCy,;. 

109 . 1 ’se jjolas.siiiin ferrocyanidc, Ki1''eCy,, . 3lLO. 

D ry Kk.\ctjon.s. 

t. Heated alone, potassium ferrucyanide decomposes into 
cyanide, nitroj^cn tind a < arljide of iron : 

K j FeC y,j = 4 KCy H- NH + FeC.j(or Fe -1- 2C ). 

2. Healed with concentrated sulphuric acid, carbon monoxide 
is e\’olved (.see preparation of this, 35 , 3). 

RH.tCTPJX.S IN SOLUTI(.>N. 

1. Silver nitrate precipittites white silver ferrocyanidc, 
ApiFeCy,., insoluble in dilute acids or AmOH, soluble in potas- 
sium cyanide. 

2. Copper sulphate jiroduces a brown (CnK:,FeCy,i') (.tr 
chocolate (HitoFeCy,.,) precipitate, according' to the proportions 
employed. 

3. Ferrous salts give a white Jirecipitate of potassium ferrous 
ferrocyanidc, which is quickly oxidi.scd to the blue ferric salt : 

3 Fe S C).j + 2 FeC y,i - Fe j KgC l’cCy,;)._, -I- 3 K«S O4 . 

Owing fo this oxidtition the usual precipittile is of a light-blue 
Cfdour. 

4. B’erric salts give a dark-blue precipitate of Frussian 
blue, ferric ferrocysinide, 

4F\'C1;H- 3 K,tFcCyn=Fc/F(.iCy, leKCi. 

The.se precipitates are insoluble in dilute acid-s, but are 


M'l nk('Jl''K[sRli;VANlC acid. lj ,3 

(lecuni]iosccl by caii-tii- aikiiHes, formiis- the nlkaii fenoryaniiie 
a'.iii is'rrou.-. or ternc ii\'finrNi(io. 

!■ r ;K,;( 1’ (■< H — 2K,jl''t‘Cy(, + 3]' f(( 

f’e,,( )H - 3K5!'’eCy,i A 4 l'eA >1 1 

Hydrofomc3?anic Acid. 

MnFeCy,j. 

200. Rkactk.iNS Soi.U'noN. llbc ])utassiii]n fcrnrxanide, 

K,jF(:iCy,;. 

!. fcjilv^Oi lliti’ftjijtJ precipitate::; onuiRe-cnhiiiif'd silver fi*)ri- 
cy:r.ii(!e, Ap J-'eCy,;, iiisoliibie in dilute I i N'< s.ilultk- in AmUH 
or KCy solution. 

B'enmis salts ^ivr a dnrk-hine precipilale of fenoys 
ferricyanide ('rurn bull's bliiey 

3 FeStJ), + 2 KdoiCy,. lAv( Ke( ’y,,)., + 3K..S() . . 

Ibis is insoluble in ivateu' or dilute acids, but is decomposed 
by caustic alkalies, into alkali ferricyanide and ferrous livdroxide. 
FcsC FeCy,;):; + 6 KOH - 2K.,FeCy„-i- 3Fe(OH).,. 

The ferricyanide rajudly changes to ferrocyanide, while the 
iron hydroxide i.s oxidised. 

3. Perric salts gi\'e only a brown colouration. 



rm A/'‘’'n/’'AT /'M-! T.' M I CT’Tl* A” 



201. Table of Solubilities. 

I —Soluble in water. 

2 =--■ Sparingly soluble in water ; soluble in dilute acids. 


■ 

K 

.Na 

Li 

NH 4 

Ms 

Ca 

Sr 

_ 

Ba 

.Fe ■ 
mis 

Fe 

ic 

Cr 

A I 

Zn 

Cl - - 

I 

1 

1 

1 

I 

I 

I 

I 

j 

1 

I 

1 

r 

V,y • - 

! 

I 

I 

I 

I 

I 

I 

I 

1 

I 

r 

I 

I 

I - - - 

i 

I 

I 

1 

I 

5 

1 

1 


I 

! 

! 

I 

FI - - 

I 

! 

I 

I 

4 

4 ; 

4 

“ 1 - 

2 

I 

1 

I 

2 

CU)- ■ 




All hypochlorites are 

soluble in 

water. 


CLO,, - 




Al! ciiiorali 

s are 

solulile in 

water. 



CN - ■ 

I 

1 

I 

I 

1 

I 

I 

2 

4 


3 


3 

Cfu* - - 

I 

I 

I 

r 

I 


I 

2 

4 

4 

... 

- 

4 

cn‘ - - 

[ 

t 

1 

I 

I 

I 

-. 

- 

4 

I 

- . 

_ 

4 

0 . . . 

I 

I 

I 

I 

.5 

2- 

2 

I 

3 

3 

3 

3 

3 

s - - - 

I 

I 

I 

I 

I 

1 

J 

i 

3 \. 

3 

3 

3 

3 

so,, - - 

I 

I 

I 

1 

I 





All other sulphites 

so, - - 

I 

I 

I 

i 

I 

4 

4 

5 

] 

I 

I 

I 

I 

S.A- - 

I 

I 

I 

I 

I 

I 

I 

2 

I 

I 

I 

.',' 1 ' 

I 

CO, - ■ 

I 

1 

2 

i 

3 

3 

3 

2 

All other carbonates 

SiO, - - 

I 

I 

I 

- 



All other silicates solubility 

3* 

NyO, - 







All nitrites soluble in water. 


N,0, - 







Al! nitr.ates s 

oluble in water. 

bA- - 

I 

I 

2 

I 



All other phosjjhales soluble in 

AsoO, . 

I 

I 

1 

1 



All other arsenites soluble in 

As,0, - 

I 

1 

I 

I 



All other arsenates .soluble in 

11, tb . - 

1 

I 

I 

t 



All other borates soluble 

in 

CrO;,- - 

I 

I 

I 

I 

I 

■■■ 2 . 

2 

3 

•- 

I 

3 

„ 

I 

Mn./). - 




Al! other permanganates are soluble in water. 

{C,,ii,a)-' 




All acetates 

'oluble in water. 




(CAI ■ 

I 

I ... 

I 

I 

All other oxalates solubility 

2 . ■ 



(tVb'Ai) 

I 

■ 

I 

1 

I 

2 ' ' 

2 

2 

..2 

I 

I 

i 


2 


1 I I 


1 Re.-idily .soluldo in hot water. 

" Det'otnpo.sefl by water into b.asic compounds of .solubility 3. 
3 Soluble only in aqua regia. 



N'H.rBn itiks. 


Insululiu- in Milnblo in aoids. 

iii.-nliihir in Uiu-T ; d.itTK'ultly .soliibk- in ru:iils. 
Insfiluble in \valt-r or .'tri<ls. 


soluble in acids, 


o liability 3, 


i M ydroforro- and In'droferricyanic acids, 

■’i’V, Al, I’h, <Ju .lii'io ibun basic acetates, solubility 2. 



A sii 1 ih'i na l<; Is f( >n ned 
while 


PRACTICAL Cli FMIS'l'RV. 


A ME'rriOI) (JF ANALYSIS. 

203. Preliminary Examination. 

'I’lie siii-^xinre slioulcl be carefully deacribed before ]>roca>ed- 
ing with the tests. ■ 


lvXly-:)?IAH!NT. 


OnSEKVATION. 


Jneerfnce. 


Fusion 


A Cdloiirless liquid 
condenses in (he cooler 
portions of the lube 
The liquid is alka- 
line 

The liquid is acid 

A gas is evoK^ed : 
oxygen 

ammonia ‘ 
sulphur dioxide 

sulphuretted hy- 
drogen 

nitrogen peroxide 
(brown) 

bromine (lirown) 


NH 


chlorine 


iodine 

carlion liioxide 


:y.anogt;n 


Salts ()| die ;i!k^di^;s 
and Some salts oi Pa, 
.Sr, and ( ,'ii. Also .-alls 
eoniainiiig walei of 
cry.stalli.sation. 

Sails conlaining water 
of civstallLatinn.' 


Acid salts. 


Some oxides; nit- 
rates, chloiates, etc. 

NHi._ 

Sulpliitesor .sulphates 
of heavy metals. 

Some sulpliide.s in 
presence of water. 

Nitrate.s of heavy 
metals. 

Bromides, in presence 
of oxidising agents. 

Chlorides, etc., .some 
chlorate.s and liyj>n- 
chlurite.s. 

Iodides or free iodine 

Carbonates of lienvy 
met a Is, I lica 1 1 lona les, 
oxalates, etc. 

Some cyanides. 


lieat a little of t lie 
substance in a drv 
tube 


FREIJM l>jAiiV EXAMINATION. 


Exi-ekiment. 


I *’Jl!SEKVA'rrO?J. 


iMf KKENC)'. 


white, with initat- Osaiio acid, etc 

ing fumes 

yellcnv As.,&,, Uj-l., dvd 

,, vvliei! nthl/ccj). * 

yellow (which Fret; S, or th,m ihio- 

luelts dh heat- .suijih.'iles or suh'liidt'’. 

metallic mirror Mg. 

(.stiiall beads) ^ ^ 

dark grey As, SI.. 


Tile residue is. 
white, iiihisible 

W'hite, yellow hot 
yellow, fusible, 
reddish brown 
hot 

reddish brown, 
Itlack iiot 
broviui 
lilack 
charred 


Ba, Sr, Oi, Zn, A I. 
Mg, etc. 

ZnO. 

PbO, 


Mn.|Oj. 

CuO, Co,.O.j, Nif). ' 
Organic maifoj. 


Heat a little of the 
substance on char- 
coal in the blowpipe 
flame. 


Decrepitation 

Defliigratiori 

A bead of metal is 


NaCl, Fb(NO.J.u etc. 
Nitrates, nitrites, 
chlorates. 


greyish wliite, 

Ph. 

malleable, soft, 

^ marks paper 
white (red tinge), 

Bi. 

brittle 
wlvite, liard 

Ag. 

An incrustation is 
formed : 
white 

Sb, NIL. 

white (fumes with 

As. ' 

garlic odour) 
white, yellow lirst 

Zn, .Sij. 

yellow 

Bi, 





Oisservatkjn. 


Ini-'erence. 


If ihe resklue on 
charcoal is not white, 
heat a little of the 
substance in a borax 
head. 


The head is in the 

0.vidhm,i' flame t 
reddish Irrown 
reddish brown 
greenish blue 
yellow, red 
when hot 

„ green.. 
blue 




grey- 


red 


yellow (hot) 
bottle-green 

Fe. 

: (cold) 


green 

(.r. 

blue 

Co. 











i'lXAL EXAMINATION FOR IIASIC RADiu'AlA. 

20o. Preparation of a solution. 

(!i the substance is a liquid it; should be examined hv 
tcsuuj;- s\ itli_ litmus, ((-y) evaporating, a little to drv^K-ss in' 
^^■nethel• solids are present, heating the rosiduf, if »,-• i, 

see \\ nether organic substances are present.)' “ ’ ' 

Take a .v-v.vny quantity of the .substance, add tral.-. t,, 
bOiJ. ■ ■ 

If the substance is soluble in water, note its anion on 

and proceed with the separation into groups. 

If it does mat dissolve, test, the liquid with litmus papn ■ : 
alkaline or ncid, a portion has dissolved. : ; If neutral to litmus 
iiltei- a lew drops and tnaporatc to see whetiu'r a -Mrl lia^ 
dissolved. Now add a liulc dilute hydrochloric a.'id' }>. tp, 
sul..stanoe and boil for a fv^v nunules. If a residue is kdi. l>o';; 

further, add more wauT anr! boil again. 

11 tne substance is found to be insoluble in dilute livdnM’hlori. 
acid, boi]_ a tresh ciuantity with strong hydrochloric arid f,,i 
se\eral minutes, add water and boil. 

11 not entirely siahibic, boil another portion with aqua rr-gia 
evaporate nearly to dryness, add a little strong hydoochloric 
m id and eviqiojate to a -.mall bulk to remove nitiic at id. 
Dilute with water. 

If yet some or all rem.ains undissolvod, warm a little with 
nitiic acid, and it solulile add liydrochloric acid. A wliite jjie- 
cipitaie, if tnrmed, sboulfl he tested for the siher group and the 
liydrochloric arid (or aqua regia; solution proceeded with for 
the otlier grnujj.s. 

If insoluble after the above treatment, examine bv the rneiluid 
for insolubles, par. 214. 

In many- ca.ses it will !>e ad\ant;igeou.s to treat the water or 
hytlrociilonc acid extract separately from that obtained b\- aqua 
legia, as the miniber of substances in.snhible in hvilror-ljlftric 
acid but soluble in .-iqiia regi.a is very limited, antfliiose mav 








205. Beparatiou of the Metals of the Silver Group. 




KCN till colourle; 
and pass ILS ; 3'ello' 
precipitate. 




















209, Separation of the Metals in the Zinc Group. 

If the precipitate is not black, it may be dissolved m v.’arm dilute HCl and. tested for ]Mn and Zn only. 
If blacK, wash th.e precipitate into a .small porcelain di.sli with very dilute hvdroctiloric acid , r of acid 



bASlt: RADICALS 





is strong, Imt may be removed l>y dissolv- 
ing in a warm concentrated solution ol 
airimotiium sulphate. 




211. Separation of the Metals of the Sodiimi Group, 





PRACTI(.:AL C'l 1 EM lSTi<\’. 


212, Preliminaiy Bxamination for Acid Radicals. 


OBSKKVATIO.N'. 


Warm a liiile of Effervescenct; 
tlu; substance with evolved): 

(liliili; HCi. CO.J (tesU‘<{ willi (.Carbonates, 

lime water) 

■ SO.j Sulphites. 

SO.j and S precipi- Thiosulphates 
tilted 

H.jS Sulphides, 

red fume.s Nitrites, 

chlorine Mypochlnrite.' 

li.CN CJvanide.s. 


Warm a little of 
the .suhstance with 
stroniT 


Acid fmues {te.sf for 
IICl by adding M n( b) : 
odour of acetic acid 
Cl., 


chroinyi chhuidi; 
(red) 

red fiunes 
red fumes in pre- 
sence of cliiorine 
(bleaches) 
violet fumes 
crackling in lidie, 
and greeni.sh 
yellow gas 
SO., 


s ■ 

charring, with 
evolution of S(X 
and COjj 

greasy appearance 
in the tube 


Chlorides, nitrates, 
lluoride.s. 

Acetates. 

Chlorides in jire.sencc 
of an oxidising agent. 

Carbonates, oKvilates, 
etc. 

Oxalatiis, formates, 
fervocyanide.s, etc. 

Cldorules in presence 
of chromale.s. 

Nitrites or bromides. 

Nitratc.s in pre.sence 
of chlorides. 

Iodine or iodides. 

Chlorates. 


Sulphites or sub- 
.slances which reduce 
the lI.,SO,i. 

Sulphides or reducing 
agents. 

Reduction of ILSO 4 . 

Tart vat e.s, etc. 


Fluorides. 



AC'ID RAlVfrAl.S. 


ihcst. piclinnunij) tests fui, ucids, miiiiy Iitive bs'cn lit'iHiifelv 
sliDwn to be' eitlier present or nhscnl. I 'linsplutio:, ha\c been 
tested for in llie separation of tbc riietak into groiips, uml tlie 
presence or aijsence of oilier acids is siiovm by the niefais tbrnuL 
and the solubility of the substance (cap a sulphate rannot he 
present in a substance which is soluble in water or acids., if 
barinin bo present). A final examination for acid^ imrn. now 
bC' made.. ■ ■ 

213. Final Bxamma,tion for Acid EadioaJs. 

Prepare a neutral solution. of the suh.stance, which uill comain 

the ai'ids as soluble salts of sotlium, as follows : Boil a littfi. of 

lhf“ substance for .several minutes rvith a .strong solution of 
.sodium carbonate, liiter, and nrnfralisc the filtraU; by afldiup 
1 i Ps ( t. in slight (excess, boiling to esjsei (.'t tlicn addine. .\!m d 1 
in \'ery slight excess, and boiling until cjuite neiural. 


'I'o a portion r.f A jiixx'ipitatf is 
this .solution add obtained which is in- 
AgNO... soluble in 1 1 NO 3 and 

■ white (sol. in‘ 
NbliOII) 

pale vollow {sol. in 

NH 4 OH) 

velli>w' (insol. in 
Nll.iOIi) 
orange (sol. 

in Nli,,OiT) 


ITCi, iJda-tCXf, 


fL'PetCN),., 


The precipitate is 
soluble in HN(b.,, 
and is , " 


hlaclf 

yoliow 

orange 

brown 

fhocirlate 

red 


HNO„. ,n.,RO.,, 

I'i, li.ijo.,. 

n a ‘ ■ 

IbTO..,, H,Ad.),,. 
n.,sio„. 

1 lA.f)'.'.. 

ifb-Vso;,, 

! L.t-h-t n. 


i5h I’RACTK'AL CHKAfISTRV. 

To aiiother portion The precipitate is 
add ikCL, insoluble in HCi, and 

white , HoSO.!, HR 

The precipitate is 
soluble in HCI, and is 

white Hr^PO.!, H^SoO.-,. 

11, BO., iiiAA/;; 

iT,Aso,i, 

lioSOa, ILCO.,. " 
yellow IioCi'04. 


In iiKttl cases tite preparation of a ncnlral solution is a waste 
of time, and tlie rXgNO, and Bad. reactions may be carried out 
in nitric acid ami hydrochloric acid solutions respectively. It 
will be seen from the prewious table that substances other than 
those precipitated l.ry the reagents in acid solutions, have already 
I'tefm tested for in the preliminary examination for ac'ids or 
separaiion of metals, or need cuntirmation by tests whidi alone 
establish their presence. Hence, unless the inetaLs present 
interfere with the detection of certain acids, it is best to omit 
the preparation of this neutral solution. 

The student .should now write down a list of acids still to bo 
tested for or confirmed, HNO3, H3BO3 etc., and take each 
separately. For HNO., this in pre,sence of HBr or HNO^, 
HjjBOjj, HF, and HCI, HBr, HI together, confirmatory tests 
will be found among the reactions of these acids. 

The jH'operties of the .sulxstance should now be compared 
with those of tlie possible compounds of the bases and adds 
found. It may thus be possible, to decide not only the radical.s, 
but the compounds themselves which are jjresent in the gi\en 
.substance. 

214. Treatment of the Insoluble Portion. 

The insoluble substances include the following ; SiOg and 
silicates, BaSO,, Sr.SDi, AgCl, AgBr, Agl, Snt).. Sb.O,, A.s_,S;;, 
t'alA, and Fe.O;;, CivO,, ALCtj after inlen.se igniti{)n. Wash the 
insoluble residue well with hot water. 

If the original sultstam'e has been treated with aqua regia, 
an> siher bromide or iodide will now Vjc changed to chloride ; 



Ar'llJ ]?ADiCAT.S. 


tlii-rc-ibre if i!k; be waslicd with ;mtmoniu ibi^ ^^iil in- 

iViiKived and may be rejifecipilau.'d by uitri<- acid. 

i1 silver i~i lound, lake a little of the orii>inai snbstaiu e. add 
li.jSO, and zinc, and leave in contact with the suhbtance for :’o 
minutes. 'Fkc siber will have been replaced by zinc, and the 
soluble zinc salts may now bt; tested Rjr cliloride, bromide and 
iodide. 

Having remnwcl the silver, fuse the residm* on jilatinum foil 
with fusion uiiMurc, and boil the iiroducl with water, idiu 
and wash well. 


/vVov/.w. ALiy contain Fmt 
(hmwnt, Hatkh;;, SiCt);., 
and any niialtered SnO.,, 
(a id., etc. boil with 
HCh 


Nesidnf : 

uSflh/fjot! ; 

I"'*' 

Brown, 

Examine 


Fe„0.,. 

for Ba and 

Smai.i, i’AIO-. 

Confirm by 

Sr. 

Test for H.iSO,. 

liomx bead. 


Te.st for silica and 
.silicates by lie.-u - 
ing a small por- 
tion of the in- 
soluble re.sidiie 
in microcosmic 
bead or bv CaF., 
and ILjSO,!. 

(See tests for 
silicate.s. ) 


Soia.'ioH : M;iy contain silicale. aiiiinin 
ate, Hiioiaate tycllow't, siaiinatc, 
antimonate, ar.-enate, siilpliate, anil 
Ihioiidci o1 sodium in :)fldjlion to tiie 
jN’ai.Cti;. niul K.t'tt, of du: fusi.in 
mistare. Hixide into a laree and a 


[.AHiiii tWrir. 

Esaniinc for tnctals 
by separation into 
groups, etc., re- 
moving the silica 
by l.•vaJ -.oration to 
dryness alter llie 
rentnval of tlii; 
coiipcr group. 


Detection of Organic Acids. 

215. If these arc jtresent they must be specially examined for, 
in ;i solntion containing only the salts of :ilkali meltils. To 
prepare thi.s, boil the original substance with .sodium earlHinttte, 
to jtrecipitate heavy metals. In some ca.scs tlic metal is n<jt 
])recipitutecl com]iletcly in this way, c-c. Hg in presence of 
cyamidcs, Sb in tartar euietir, Fe, etc., in presence, of tartrates or 
citrates. In .such ctise.s the liquid must he saturated with ILS, 
in addition to the treatment with sudintii carbftnale, ami then 



Ttniiu'illier pmlion 
add iinCi, 


Thu precipitate is 
insoluble in HCl. and 
is 

white 

The precipitate is 
soluide in IlC'i, and is 
white 


IIF. 

H.FO.,, 

H..S..O , 


H aihii 


, ii.Aio" 

n'.„so..,' 

ILCu... 


HoCi-r),. 


In must rases llic preparation r>fa nentnil .solution is a waste 
of lime, and the Ap , asifi ilat-'l, rear tions nitty be carried out 
in nilrit tirid and hydrochloric aciii .sttliUions re.s])ertivcl)-. k 
will be seen front the previous table thtil subsltinces ntlier thatt 
Iho.se precipitaled ]>y the retig'cuts in ttcid solutittns, htive airctah' 
been tested for in tito preliininttry exiiinination for acids or 
•septiration tjf inetais, or need contirmtilion by tests wliicL aluno 
establish their presence. Hence, unless the metals present 
interfere with the detection of certain acids, it is best to omit 
the prepanilion of this neutral solution. 

The student should now write down a list of acids still to be 
te.s1ed for or cimfinned, e.j^. HNO-,, H.jBOo etc., .and take each 
separately. For HNO;., thi.s in presence of HBr or HNOo, 
HF, and HCl, HBr, HI together, confirmatory test.s 
will be fouitd among die reactions of these acids. 

The pro|JC'rties of the substance should now be compared 
with those of die po.ssib]c romiiounds of the bases and acids 
fouml. It may thus be possible to decide not only the radicfils, 
but the compounds themselves which are present in the given 
.substance. 

214. Treatment of the Insoluble Portion. 

I’hc insoluble substances include die following ; SiO;, and 
vilicates. BaSi )j. .SrSf AgCl, AgBr, AgJ, Snt Sb./),, As.jS;-,, 
CaF.^, :uid Fey)., C'r„0.,, A!./);, tiftei inten.se ignition. W'ahli iht' 
iiiM.-thilsle residue well with hot water. 

if tlio origiaai ‘'Ub.Uance lias been treated with aijua iv'gia, 
any silver bromide or iodiiui will now be changed to dtloridt' ; 


I'KAr-TirAL CITEAHHTBV. 







KADic 'Al.S. 


tiu' rt-siihif un plaliiiiirii Inil 
pi-Ktlijd with water. Mlfi r. 


•(iiitaiid-i.y p I .V, : AI:i\ r'-niain Alii jir, aliiuiiu- 
O.j, SrC.*"'.., I .Cc. rhi(i!ii;d>* l3vllovi’). Miumali-, 
ilereij SiiOj, uiiliiiiiisiMte. aiseiiatc, snljihiite, aiid 
ilui! with fluoriiJe of sodium in adtiirioii to (lic 

N'liAJJ.j jiiid KA*U..:j ':t)f the ftisioji 

_ , inixlni’i,;. Ldvitle into ji large; aiid a 

small portion. 

ExamiiK' 

i'orBaaiid S'uAi.r. Pari, 

T«;St foi ]I„.SOj. 

I'cn). fr>r silica and 
.-.ilicales by licat- 
ing a sniail jjnr- 
tion of the in- 
soiiililo residue 
in microco&mic 
itead <ir byt’aK. 
and JLSO..' 

(See ' tests ■ J"or 
silicates. ) 


Hr< uvn. 

Coniirm by 
liorax he.id 


LaIJUI--, J?A1iT, 

Examine for metals 
I.)}- separation into 
groupK, etc., re- 
moving the silica 
1 ly e\’ai ■oratirm to 
dryness after the 
removal of tlsc 
copper group. 


Deteo,tion of Organic Acids. 

215 . li these are j'lreseiit they nmst Ik .sfu'-eialiy ex.aiiiint'ij lor, 
in a sidiition containing only the wills <if alkali mtdtils. To 
pn;pan; this, br)ii the oripinai substance with .sodium carbouafe, 
to precipiltite heavy inetttis. In some rahos ilic* tm lal is tiot 
pr<-eipii;jt(.d Cl 'iiijdctely ill this .'.e, [j._, jj-j pi'c-ence ctf 

cyaniile.s, .Sb in tarlar emelit , Fe, ett-., in prfssenre of taisraU'S tjr 





i6o PRAC.’TI(-AI„ CIlFAilSTRV. 


iilteivd. TIil- nUrait* is tlaai nauierc'd tK-iiiral 1)y addiii-^- fiNC.')., 
in excess, boilin';' to ex]Kd C( b and J !.,S, niaklni.; s!i;^jtt]y 

alkaline with Ani()l!, and finally bnilm.^^ till quite neutral 

216. Calcium Gliioride Group. 

Ti> a |(ortinn of tlu^ neutral solution adi! acetic acid, and cool 


well A |ireci])iTa1e 
nrodiured, if KX'O,; 
To the iiltratc add C, 

An inunediaie white 
pi lid pi late of cal- 
cium oxulale in- 
dicates : 

Oxalic acicL 
t 'onfiiu! by pkieing the 
precipitate in diinte 
sulphuric add, 
warm ins;: Isi '/o\ and 
adding' a. solution of 
KMidAj drop (jy 
drop. This is <k- 
colouriseil by tlx- 
alio acid. 


of potassium hydro'p.n 
was employed instead c 
•)CL solution in excess. 

Tn tin; filtrate add 
AniOIi in slight 
excess, cool, shake 
well and allow to 
stand for 1 5 minutes. 

A wliitc crystalline 
preeipitiue of calduin 
lartiate .sepiiiates. 
Coutirni by warinius 
a port it m of precipi- 
tate witli and 

a, suiail tjuanlily of 
i)yroqn!!n!. Vuilet 

coltHiralion indicates 
Tarfcaiic acid. 
Clonfirm also by the 
reiiuction of am- ; 
moniacal silver solu- 
tion. 


i tartrate may’ be 
f Na.CO.. Filler. 


To the fiit.rate add 
niofe calcium ddu- 
ride if the oilier 
acids have liecn 
found, and boil to 
a small hulk : a 
white I'MWipilate 
gradually formiiyq 
indicates 

Citric acid, 
Couliiin I'.y warni- 
iriq the yu'ei ipilate. 
will) s1n)nL*:iI..SO.i, 
(’itriraciilis slowly 
chang'd. 


Formic and Acetic Acids. 

217. To anotlier portion of the nciund .solution add a little 
ferric chloride solution. Formic and a<-etlc acids both qive n 
brown colouration in the cold, and on boiling, a brown pre- 
cipitate of basic iron salt. 

Curitirni formic aeifl by ^ 

(a) I'hc jm'liminary test with Ih,.SO,(. 

(/>) T’he reduction of llgt.'l,,, 

(<) The reduction of Ag'NC).,. 

Confiriri acetic acid l:iy 

(a) 'i’hc preliminary tes^ with H2SO4, 

(f) The formation of otliyl acetate. 


ACID RADICALS. 



DETW-TION OF COMi'LKX' ( 


218. Stirh coiuiioiiUiD ;is FiUhr.i.-tn IjIiu' arc in 

niinerai acids, and inu.st be tlui'oniijKjseil by caustic alkalies in 
(krtlur to detect the basic ladlcals which they contain, as well as 
the acids themselves. 'Fhey are best exanTmed as follows : 

Foil a portion uf the .snbstance uifh sodiuin bj-drale, and 
lilttM'. The preripiiate contains hydroxides of the laauy tnetals 
present, and may be e.vaniincd l(U' tiu* metals sn flit; usual wuv. 
The filtraU; roniains the sohibU; sodium salts oj hytlrufcrrn- 
aiirl In droferriryanii' acids and t>f thiot yiuiic anti. Acidify the 
iiltrale with I!('1. and add excess uf I'‘< A {H'tsapilate of 
I’nujsian Itliu: itida afes In th’nU-rioc yaiiic rn'id. Filter. A 
dt!C))-re(i coioiir, or even a red lint-e. in the iiltraft; indicatt's 
diiocyanic mid. 1o test lor hydioferricyanir aciil. v.liirh is 
rapidly reduced in jn'esence of alkali to irvdrofevrocyanir, allow 
th(,> first few <lro|).s of the filtrate to fall into an acidified aolutkin 
of FeSO,,. A deep-blue precipitate of TurnInilFs blue indicatib 
the presence tif hydroferric)'anic acid. Confinri these by the 
rejictions with AgNt);;. 



iNTRor)i:c'n('>N. 


219. In Qiialitalivo Analysis ihn (’lioinidal nature of the 
ciinsiitucms of a mixlure or of a eompounfl is inve.stig’atcf.l. In- 
eonverling those constituents into well-known and easily recog. 
nisabi(:vfonns. 

In Quantitative Analysis tin- same princiides are in\'olved, 
and the methods by which the quantitative determination of an 
element is carried out, are based upon the same reactions which 
ser\i; for its qualitative recognition. The reaetifins seleeteii, 
however, for quantitative work, must admit of the measurement 
of the amount of the constituent to be determined, either In- 
converting it into a product which is of known composition, 
and can be weighed, or by measuring the ^-olu^■ie of a prepared 
sfiludon required to bring aliout the selected reaction. 

'['he first is the gravimetric nn-thod, in which the substance 
to Ik; clf-tcnnined is converted into another, of known com- 
yiosition, which is thein a’sy:ur:\t(;ly -weighed. From this weighh 
the amount of the required--con.slituent can be calcularecl. 

The second is the ‘VoltilifietriG method, in which solutions 
are enqfioyed, one containing the snlrstaiice to be estimated, 
the other a known amount of a substance which has a definite 
reiK'iion with the substance under e.xamination. 'Fho volume of 
this second solution is measured, ctire being taken that the end 
of the reaction is sharply ohserved. 'I'his is usually atttuned by 
means of an indicator, such a.s litmus or methyl orange in 
acidimetry .and alkalimetry. 

Ifolumetric methods in genera! can be rapidly carried out, 
and require only simple apparatu.s. In many cases they admit 



ab'.f lit ri'.'cunu'}-. ( )n th(: oilier liaml, t^ravinielric rueiliod 

are often tedious ana i;ninbeirsom<-, and at limes require elaboralt 
ai.'pavatViS, For rajjidity of work, a loiumciric inetiatd is to bi. 
isrererrc-d when one is iivailaide. 

In al! kinds of ijuanlitalive work, the most srrupnious care 
■•niist be exercised lo a\oid possible errors; and if ;iny sli 
orn.»r is even snspeetial, the experiment should be disrank d and 
a new i.iiie cummeric'ed. 

THE MEASUREMENT OF MASS. 


THE RA LANCE. 


220, The Balance. One of the ojienilions most fretjuenth 
carried out b}' tlie analyst is that of weighing. All t|uanti!;iti 
experiments, whetlier gravimetric or volumetrie, liepend in tla. 
first instance upon this operation, which is therefore of \eij 



Only the special features of the dieinical balancr. a peni ral 
view of which is sliown in Fiy. 45, uih I'e considen;d Innv. ’I'ti 
eliminate friction as far as possible', the turning centres ;it tin* 
middle and ends of the beam consist of knife-edges of agate, 
bearing on plates of the same material. A method of susj jtnisii tji 
of the pan is shown in Fig. 46. When the balance is out oi' 
use, the knife-edges are not in contact with the plates, tin' 
beam being, supported upon arms from the central pillar, by 
turning the lever in front of the balance, these supjK)!’!^ ate 
cau.sc'd, by metins of a small enmk or cam, to be uitlnlraun 
from the beam, whiclt then rests on its knife-edges ;ind is thu'' 
placed in tiction. The Itetim must ahvtiys be sup’pctrleii uhile 


the wei.ghts or other articles on the pans are being clianged. 
The movement of the beam is indicated by a piointer which 
dcsreiids from the middle of the beam to the scale near the 
foot of the pillar. When the weights on the two pans are equal, 
the pointer should swing to equal distances on hot!) sides of the 
zero, or the swing should diminish bv the same amount each 
time. A weighing is made by placing weights (Fig. 471 tm ilse 
pan to measure to one centigram. Beyond this, the value of the 
remainder in milligrams and tentli-milligram.s is determined l)y 
placing the rider, inaile of gtjld or ])]alinum wire ami wtdghing 
one centigram, upon the beam, arul moving it until an (‘xacl 
adjustment is readied. The position of the rider <m the gra- 
duated beam thu.s completes the mca.suremenl of n eight to 
one-tenth of a milligram. For still more accurate weighing, 



sniiii;;nini lire, on the jtan, and a tnillij^rnni rider (o 

eoinule'f the v,oij,diin.:^' to the luindredtli part of a !ni!!i\^r;nn. 


qqQQ 




Kor til! ordinary work, ]io\\e\Tr, the i:cnti} 4 Tam ridor is i|!ji)e 
hufl'ieicnt. 

221. The senbihilhy laf tiic balance, that is, the tlej!n-e to 
v.liirh lire lioani is c!is|d:u'eu i>y a A’ery small difference beinera 
the \\ei;.;iitft in the tv.'f) paiks, depends ctn several conditions. 
These tna)- I'jf; In-iefly explained front the diaf^rans (Fi}<-. .p-!). 

LiH .1(7’ rojiresent the Insun, the knife-edges being .at thoM; 
three points. i.»ra',v the horizontal line dC^, and the verti/al 


lines /ryl, rtf, />A (! is the centre of gravity oi tlie beam, 

including the ji.ans ami tlicir loads. Let ff '' be the Irstal '.veight 
of beam, pans, e.te,, /’and /’•+/ the loads on the pans suspended 



PRACTIC A L Cl T KM I ST liW 


troin A’ and /I respectively- And let tlie ari.e;le tft'.L, tlinmidi 
which thf; beam is displaced by the small diricreiK'e p in the 
loads, when equilibrium is reached, be called 0. 

Then since the sum of the moinoms about f'is zero, we hate 
(P+/f)XfiC~Pxc/C-\- IVxcC ; 
but iiC~-{^C 

IVy^-cC. 

Nv>w tiie ^iLiL-—£-tiL../i~ 0 t 

iiC-- AC cm a and rC=" CTf siii f/1 ; 

. p Co' sin d , 

A (-.’cos a 


p AC 

irrc 


Hen' e tan and therefore also the anj^lc 0 throu.qh which the 
1'jeani is turned, is incrctised by increasing; the excess load in 
one pan, by increasinj^ the length of the beam, by diminishing 
IF, the weight of the beam, and by diminishing the distance 
of the centre of gravity from the knife-edge. The latter also 
increases the time of swing of the beam. 

In pr.actice these conditions are mutually antagonistic, arid a 
compromise has to be effected. To ensure lightness, the beam 
is usually made with the central ])ortion removed, which can be 
done without much loss of rigidity. The beam is also frequently 
made of aluminium or inagnalium (an alloy of .aluiTitnium and 
magnesium), each having a low density. To lessen the time of 
su ing of the beam, and therefore the time occupied in a weigli- 
ing, the beam is .shortened. This of course diminishes the 
sensibility, but the latter di.sadvantage is counterbalanrcd by 
making the depth of the centre of gravity below the knife-edge 
as small as i.s com]3atible with the stability of the balance. 

This depth, and therefore also the sensibility of the balance, 
can l.>e adjusted at will by raising or lowering a nut which turns, 
above tlie beam, on the central \-crlical axis. 

Tlie balance i.s enclo.sed in a glass cjcse, the fi'unt of whii'h, 
and usually akso the back and sides, can he opened. 'I'he. case, 
must he. kept closed to exclude dust, fumes, eti'., and shcniki 
contain a small g'las.s dish of calcium chloride to kee]) the atmo- 
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Gpht‘r«' drv. 'i'lie is supported on three nictul i'eot, wliiih 
■ujj ])(■ raist'd or !o',w.-refl uiti! screws, so that the halastce tnaj’ 
,ie iceeili'd. 1 Ik; oii t\’hirh itahiticos jire supportesl slioiihJ 
he as rigid as possible, ])refcrably one built info an CNlenial 
vvaJl. 

Man;-.- details of the .■onsinirtion of the bainnee, 't\hirU li.ne 
not iiecn described, will retuiily be understood bv exranitiiii,; 
the one in use. 

'222, 'Weighilig bottles. When ;i siibsttJii. e is ready foi 
iualysis, it is 'phued :tt once in tlte weighing bottk;. Sonie 
forms of this arc shown in Fig. 40. 'i'he ijuttie .sltottid l.!e oj 


one diameter throughout, as n, l\ and the ground g]as.s sitjpper 
aliould not be rnt, but blown frtnn a glass tube, the flattened 
under sid(; being retained. The two plain lubes shown at c, 
one fitting into the other, make a convenimit form of weighing 
ve.ssel for tiried filters, etc. For insertion into a glass tube, a 
boat 1 Fig. 49. d) is often tunployed, as in the reduction of cr»pper 
oxide 'Tl ', or tlie ignition of antimony sulpliide .' 31 . 1 /. '{'hose 
bcjats are made of porcelain, glas.s, or platinum. 

In addition to tlicse, watch-glasses, purcidain dishes aiul 
crucible.s, ('tc., may be used for weighing ti sukstance. On no 
rii count sliould tlie substance to be weighed be placed directly 
on the pan. 





rRACTICA J. ( ’HianSTRV. 



Before M’oij^hiny, a vessel must al^v;ly.s lie allowed ti) ;u'(jiiire. ;!.s 
nearly as possible, the temperaiure of the lifdance-ronin, W’itji 
this object it is allowed to stand in the desiccator ('20', in which 
also the weighing bottles sliould be kept. 


THE MEIASUREIMKNT OF VOLUME. 


223. Flasks. In volumetric analysis, ve-ssels :i,re rec’uired 
which have an accurately known volume. These are of wirioiis 

kinds. For adjusting the volume (if a .sohitioa. 
the nteasuring flask (Fig. 50) is best. This, is a 
. flask .with a long, narrow neck, fitted with a 
grourid-in. glass stopper. The flask contains 
the definite volume marked on the side, when 
filled to the mark etched roimtl the neck. It 
is important to remember that these flasks 
contain the cpiantity indicat<;d, and that when 
the liquid is ponri'd out. a liltlc' always remains 
adhering to the sides of the A cssel. The vol- 
ume is ascertained by w'cighing with watef- 
at a known temperatui'e, which is indicated : 
t)n the flask. It is onl)' correct at this teni- 
perature. 

Fur an approximate measurr;meut of the columc of a lifjuid, 
the measuring cylinder (Fig. 51) may be used. 

224 , Burettes. A burette is a graduated glass 
tube, from which liquids maybe i*un l>y means of a 
tap at the bottom, and the quantity run oft is .thus 
tneasured. The tap may be. of glass, or made by 
a short piece of rubber tube closed bt' a clip, and 
terminating in a glass jet, as shoum in Fig. 52, 
which represents the usual forms of 'Mohr’.s Vjiirelte, 

For some liquids, as solution of ]K}tas.sium perman- 
ganate, the rubber tube sltould not be used. The 
burette i.s held in a stand, so that the volume of the 
liquid may not be affected by touching the lube t\ ith 
the hands. The diameter of the tube .should be 
uniform, and tis the graduations are often made __ 
by linear measurement, any lack of uniformity in Fig. 51. 



NoLUMl'.TklC xSPI'ARATUS. 


in read the hiirette it js important that the 
eye of the nbser\er should he on the .svmr kvd 
a:, the siiriace of tlie iiqiiiti, -die position of wbioii 
to be read. Sire'e die surface f}f the liquid is 
loneave, if i>. es^iCntial to read aiwaj’.s the position 
of die same iiortinii of the surface. 'I'he bottom 
of di(' menisrus is die mo.-a clearly defiiitxl position, 
and as this is stneral miliinielres beljiud the 
graduated ivail of the iiurette, it is obvious that 
any cliaiipc in tin; le\el of the eye will cause 
also a change in tin; reading’. Many devices are 
eriijiloyed fu ol.niate tliis difiiciilt)-. The float is 
one oi these (hie. :;„’i and consists of re elocerl 





still re^mains in the ]f)wer end of the stein. .\s soon as th" 
runnin” ha.s coa.sed, the end of llie tulie siiould he iiroueht m 
contact with the litjiiid which h;is h'ft it, ami thus a tittle nv'if 
is removed from the tube. The few drops ^^hich stih rfanain 
arc left in the tube, as they arc taken into ticcounl in in, n'ki li- 
the pijictte. By working always in the stiiiie ni:mner, pn.n 
uniformity in results can be attained. 

'I’lie pipette is graduated at the temperature iiiarl-ed upoi, n, 
:uid tnay nut be ticcurale at other ternjieratures, Toe coiie t- 
ness or error t)f the pipette .should always be deterniineii hy 
calibralion. 

226. Calibration of apparatus. By this term is tm ant 
the rrieastiretnent of the error, ii any, in the graduation o 1 
volumetric ajijiaratii.s. t')nc possible cause of such error in tin' 
ctise of the burette has already been mentioned. Tlie method 
of calibration generally adojited is to fill the instrument to the 
mark with distilled water at a known temperature, or wills 
mercury, and find the weight of tliis water or mercury. From 
the known density of water at the working temperature I'scc 
appendi.v, 348) the exact volume can be calculateil. 

Measuring flasks are weighed empty, then filled with the 
water and weighed again. The pipette is calibrated by running 
the water into a weighing bottle, emptying the pipette in the 
manner which is to Vie adhered to aftcinvards (225), and then 
weighing the water. In the case of the burette, the w.ater is run 
out into the weighing bottle 5 c.cs. or 10 c.cs. at a time, and 
each tiuantity carefully weighed. The error at each 5 or 10 c.cs. 
can tlren be calculated, and it may be assumed to vary pro- 
portionally at the intermediate point.s. A curve may be drawn 
to obtain the errors at these points. 
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si'cnoN I. 

Vf si.rMi'/ru ic: ANAi.vsfs. 


227 . !■'. 

st.'U'K'fs, if ii' n(. (■(* 
mans uf hy«lro;^i,ni 
rcai-tioiiK involvin! 


K<jUiVAi.,KNT.S. 

i!;.: tlie iriasstjs of ctiemica! i5ub- 

:i;jrv t:ct six lipon a. Mtaiician! unit. 'I'l'ie unit 
is raiusen us liiis standarci,. because in ati 
lilts ficrnunt, its mass is l«^ss liiau tli.-t ui' 
.any tit'tln; miirr sub-itauc-es coni:erried. 

ji'i the r:!->e ot eienit-iitmy substances, the equitaieiil is {Is finer! 
that quantity uih<'!i combines with, or replaces, une ;ytatn fif 
hydriKten. i\ir)v,( ot' tht.; lion-tnetailic elements coiiibine (iirvctly 
witl'i iiydro^en, r-.i> that the equivalent is readily (letfourned. 
Vx'itls ineta!.i, no deiniite compounds are obtaitterl, rstiri the 
method of rr;plare,rnciit fii" Itydrotfen, by solution {jf the metal in 
acids or in .'ilkailt.-s, uiuy be a]J]>lied in many ctiscs. 

I'he sani!‘ r ritisidenitioii,-, are e.Ktcnded to cornprjurius, «■!( h as 
fii ids, alkalies, (ixirlisin^ aj4ents, the unit for detefinination ol 
<-qui\':iknts liein;^' always one p.art by weight of hyrlrript'!!, 

\Mien direct (,iitn|)arison of tltc substance Aviili liu]ro:,;en is 
not ])o■^si|■llc, it.s c'Cjuivalent may be determined by tr.k-ronce to 
a third ek'rnent of knoiMt equivalent, c.i/'. riilorine, oxxqen. 
TliUs the fijiilvtilents of nii-iahs are acciirately tietr-rnutu'd by 
an.'ily>i-s of ilit' t hloiides or oxides. 

Aqain, the tiiiMiuitions may hr; determined in whiili nu ttils 
repLh e f'.ir i) otiu'i firrin soUition.s of their Sidts, as, oq. lopprr 
is prc' ijiitated b)- /im. from a solution of copper .sulphate, and 
the iflati\e (*< jiii\aietit-N are thus found, 

Kxainpk's of -.01)10 of the.se mcthod.s are given below. 



GatLernianH. Practical Methods of Organic Chemistry. 


PR ACTI CAL CM E M TST R V. 


determination of equivalents. 

A. By Beplacement of Hydrogen. 
irfnmJv':!"'’?™'''''* 5-t "’»y Welsh 

phurie ' 

of hydrogen „nder those anKlition/occupies , Mf^r es"*" 
equivalent of the metal i.s -a..., me 

--- Weiojit of metal x irQfio 
Collected volume of hydrogen' 

iuoIm estimating the amount of a 

‘ \ loae equivalent is known, in a mixture with other ma- 
enals which do not liberate a gas uhen heated with dilute a 
zinc dust. ’ 

Valuation of Zinc DustO 

229. Weigh the zinc dust accuratelj’ into a loo c.c. round 
flask, titted with tap-funnel and tuo ' 
delivery hibes (Fig. 54). Cover 'the: : 
powder witii water, and pass a stretini 
of cai-bon dioxide through the, flask :tp ^ 
expel all air, collecting the gas in a 
measuring tube filled with caustic 
potash solution. When all the air is 
expelled, introduce from the tap-funnel 
a mixture of ecpial volumes of strong 
MCI and water, with a few drops ('if 
platinic chloride, and warm gently^ till 
the metal is dissolved. Expel the 
hydrogen remaining in the flask with 
carljon dioxide, and from the volume 
of gas obtained ('alculatc the percent- 
of zinc in the sample. 

/ nothem method, depending on the nducing power of ziur 
will be given later (.sec par. 262). ’ 


Fie- 54- 


DtTKRMIN.VnOX OF F'.M'U MJ-Mh, 17.^ 

IS. By Reduction of Metfillio Oxidon. 

230. Many oNides of iiictal-. ;jn; (-a'dly rc<ha ed tf,- tiii' niouil, 
by heating eitlier with carbon or hydrogen. i’Vn- tlu.- determina- 
tion of the equivalent it is l«;st to rarry out the reduction of ;in 
Hccunit(dy known wt/yght of the pure oxide with pure and dry 
hydrogen. In this wtiy copper, nickel, t.o1>aU, etf are. readily 
obtained from the oxides. E.xatnple.-; of she proredurt'.-.’re given 
it; ihir! 1., ]jan 71. 

By Bynthesifct of ;ui Oxide from tb<t Motel. 

231. I’his method may be used tf) defernsiue ids, 

when an o\i<!c of deliiiite eoutposilion j;-, obiainta-I. 

For example, by igniting a weighed {[uaiitify of magnesiuni 
in a e-ivercd poscc-iain erueible, Ciiague.aum oxide, M.ip'i, is 
obt.ained, and from this the equivajent cF the nietai lua) be 
deduced. 

Again, by oxitlising with nilrir aeul, most mel.als ate coin 
verted into iiitivites. if the lcnq)(‘r;i,?ure is kept low, fhe.~e bein;' 
decomposed on igiiinou into oxides. 1 Ini . K'ppei. na he!, 
fiV"! ll'ie nitrate.s, witioh on healing struugix leavs; a residue of 
the oxides, Cab), Nif). 'fin is croriverSed quiudilaiively mto 






ACIDIMETRY AND ALKALIMKTRW 

233 . In volumetric analysis solutions of known strely^(il are 
used, and, knowing' the reactions of the substances in these; 
solutions with other substances, the quantities of the kuter in a 
gi\’en mixture or com])ound can bo determincul. I'or example, 
knowiiig that when sulphuric acid neutralises sodium carbonate 
the reaction is rejrresentetl by the efjualicjn, 

1 1 .S 0.1 -f N a.CO;, N a^S O , + T LO + 0 

cjS xo6 

it is easily seen (from the molecular weights of the; reacting 
substances) that (>S parts l)y weight of suljduiric acid neutralise 
to6 parts of sodium carbontitc. 'riierefore, gixen a ‘'olution of 
sulphuric acid containing, say, -o? grs. jH;r c.c., it is e\ident thtil 
etich c.c. will neutndise -05 x grs. of soilium citrhontite. 

Any solution of known strength is ;i standard solution, but 
much calculation may be saved if a certitin definite strength is 
employed, and for this reason we use normal (N), semi- 

normal deciiiormal etc., solutians. 

A normal solution t)f hydrochloric: acid contains the molecular 
weight in grams of hydrochloric acid dissolved in a litre of the 
solution. Normal solutions of all acids are equivalent (f. A i c.c. 
of N. MCI will neutralise as much of an alkali as i c.c. of 
N. H.2 SO,j), and therefore must contain the same amount of 
replaceable hydrogen per litre, namely, r gn*. 

'I’hus from the formulae and basicities of the acids we get : 

N. Hydroc'hloric acid, - - - - - 36-5 

Monobasic, contains 36-5 grs. HCl ])er litre. 

N. - - - - <98 

Dibasic, contains 49 grs. H.)SO,j ]jcr litre. 

N. Nitric: acid, 63 

Mcniobasic, contains 63 gr.s. lINO;j per litre. 

A normal solution of an alkali is equivalent to, or etjui- 
volumolric’ with, a normal solution of an acid, /.c. r c.c. of tlu' 
latter will neutralise t c.c, of the former, therefore 
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N. vSiidiinn t ru'lHniato suliitioii contains 53 NujCO.j per liln.-. 
N. Sodium hydi-Mti,; ,, ^oj^rs. NaOH 

i\. Poiassiuni hydrate „ 56 gr,s. K'')I{ 

W'hon hyili'ochiorii: mill is a,iided to silver nitrate, siivei < Idoriile 
is }>re!.i]iit;!!ed, ;;ml a '-olntiou of silver nitrate, of vihiri'i t i .r, 
is prec.;ij)it;'it(;d ’oy i i:.r. (tt Iiydroclsloric acid, is also norniai : 
thei'efore 

N. Silver nitrate A;.;NO.,, Mol. lyo) rnntaiuy lyo yr-c 
AgNO;| per litre ; similarly 

N. Hofliura rhloride contains 58-5 yrs. NnCl per litre, 
yi-neral diadtiition may thus be yivcti. A norma,! sebaion 
contain-; th<‘ equiv.-dent weight in .qraiiis of the prineipai reai tiny 

element or radical dissolved in one litre of the soliitioti. A 

.sliyhl nioiliticafi'in oi ihi,-. delitjition must be made e, la-ii solu- 
tion-; of osidisinp ayents arc eonsidcreil, but ibis wilt la- 
e.>;j)laincd later. 

'i’o preplan; .-fand.-ird sobttion.s, it i.s ncccs.sary to (a) weiydi ont 
;infl dissolve substances of known purity, or (/>) ronpi;!!ly vo-ipb 
or measure quantities of substance.s whose dctprec of ;.uriiy is 
not known and titid tin; correct .«Ji-en.«fth of the .soliition ilnt-, 
made by titratiriy against a solution of known streuyth. one 
pirepared Viy the former mc-thod. 


l'RF.P.\RATION OF STANDARD ACIDS. 


234. The .strt.‘ncth.s (if the concentrated acids are not Imovin 
exactly, BO we must jiroi cod by the latter method in makini- 
.standard solutions of these. 

'j'hcy may be titrated .Tyain.sl a standard .solution normal 
solution will save calculation) of sodium carbonate pirejiarcd as 
follows ; ■ 

N. Sodium Carbonate. 

235, Ib'at in a welylu-d pl.'itininn dish alxml 42 prs. of jiun.- 
anliydious sodium bicarlioaalc, with continual stinniy, and 
witliout fusing : cool in the desiccator atid wciyli. Rcjicat tin- 
hc'atiny till tlie weiyht ii (onstant. 

'lake out some of tiie pure sodium carbonate till cn.u tly 
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26-5 s^'Ts. are left. Remove from ihe haUincc, add iiot water, 
and heat till dissolved. Cool, transfer to a 500 e.c, tlask and 
make u]> to the mark. Mix well before usin”-. The solution 
contains -053 s^rs. of sodium carbonate jjor ex. and is therefore 
normal. 


PREPARATION AND STANDARDIS.^TION OV SULPHURIC 
ACID.' , 

236 . Measure 28 c,('s. (jf slrony sulphuric acid in a measuring 
cylinder, and pour into water. When cold, transfer to a litre 
llask and make ui) to one litre at the room temperature iabfjut 
15' C.), I’he sf)lution will be roughly normal, since the sUoiiy 
acid contains, approximately, 98 per cent. 

Rinse out a burette with water, then two or three times with 
a few c.cs. of the acid, and iill the burette with acid. Do not 
attempt to get the acid exactly at the zero. 

Rinse a 25 c.c. pipette with water, then two or three times 
with a little of the N. sodium carijonatc solution, and finally till 
the pipette, x". , f ' ''Cc 

Run the alkali into a 250 c.c. conicid flaslc, and then touch 
the surface of the liquid with the end of the pipette. Do not 
blow out the liquid left in the end of the pipette. 

Add to the alkali one or two drops of litmus solution, read the 
position of the acid in the burette, entei' the reading imme- 
diately in the note-book, and run the acid carefully into the 
flask till the litmus just turns red. Boil to drive off the carlion 
dioxide liberated by the acid. The litmus becomes blue again. 
Add more acid till the solution is turned red with one drojj after 
boiling. Read the burette. Notk.-- B efore the end of every 
titration the liquid on the sides of the flask should be washed 
down. 

Metliyl orange may be used as an indicator in ])].ice of 
litnuis, as it has the ad\'anlage of not being affected by 
carbonic acid, and therefore the .solution docs not require to 
be iioiled. 

Repeat the tilnition, using litmus nr methyl orange, till tliree 
concordant results are obtained. Average these, and calculate 
the strength of the acid as follows : 
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Vvi-itt‘ insl til.,' I'unjuidi!, .nul liiid ihe wt;i;<lus o}’ jht? u'.*,! sinu 

substances. , . , . , ‘ 

N:U:u, I ii,,S(),-Na.SO, + n,X)H-CUa. 


then i c.t:. of X. N'aAX C; solution cotitains >053 <4rs. 

^ 11 51 11 1* will neutralise *049 grs, 1 'f I l.-.Sn,,. 

Nov,- suppose .?,j-e e.rs. of acii] liave been required for 2 '^ r.ci 
of dif; N. sodunn. carl donate. Tljese must coTstnin 

•■5 - -'’.f.) pTs. tif SO,, 

I I'.r. of llie suljiluirii' acid contains 


050(5 grs. 


.'Vao'diff nietlioci oi ralculalioii i.s the following: 

5 c.i's. oi X, sohuion neutrnlise c.cs. of !! SO, : 


(Ik; li.iSt ), sohition is of normal 
■■ .24-2 


1 c.c. ()f tlie a< id cfjnlalns ^-'“ 5 - xo-o49~*05o6 grs, 1 
*' 4*2 , 


237 . N. Sulphuric acid. To make ilie sifiphurie ii< Id 
nornia.l, 25-24'.:* or -8 c.cs. of water must be added to each 24-: 
c.cs. of the suli.iluirii; m'ul. .Measure the acid left, in a measurinj^, 
c\linder, ad(i the c.'alculated quantity of water and again tiliaU'. 
I'he solutions should be eqiiiv<ilurnetrH‘, {,e. the sulphudr jKiil 
i.s normal, ll not. again add a calculated quantity of natcr. 

238 . N. Sodium hydrate. The sodium hydrate j)o\vder 
(98 ]jer cent. ) may 1 ;te u.sed. Roughly weigh out enough to make 
a hd-e ol solulicni slightly stronger than normal, say 45 grs. 
Dissolve in water, and wlum cold, make up to a litre. 

Take 25 r.cs. in a pi])ett(.', place in a titrating flask, add one 
drop of methyl orange .sohuion and run in the snlphurif arid 
(now normal; a.s before. Assume 25*3 c.c.s. of acid are retjuired, 


Then the alkali is “■ normal, ?>. t c.c, contains 
22 J 


X -040 ---041 grs., of NaO] I. 


If .be solution is n'ljiiired to be normtil, add "3 c,<‘. of water 
for each 35 c.cs. of alkali. 

}!, v. c. M * 
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In the following estimations the standard solutionsAvill not be 
taken as normal This will gi\c the student good pnicticc in 
calculation. 


Estima,tioii of KOH in Cauetic Potash (sticks). 

239 . Given snljihuric acid, 1 u.c. --0253 grs. HoSGj. 

Weigh a dry ctniced tulte containing about to grs. of the stick 
potash. Transfer the stick to water in a 250 c.c. flask and 
reweigh the tube and cork. Allow the caustic potash to clissoh-e, 
and when cokl make up to 250 f'.cs. Use 25 c.cs. for etich 
titration, with methyl orange or litmus as indicator. 

'Phe results should be entered as under. 

Trdte and c:iu.stic potash, 22-84 grs. 


Tube, - 

Caustic ].)o1ash, 


1 2-05 
9-80 


Titration.s : 

I. 2 , 

3 - 


24*9^ ' 

26*88 

24*52 


•52 

“*39 

1*K> 


24*46 

24*49 

24*42 A’. erage 24*46 c.- 


and 24*46 c.cs. 


grs. KOf-i, 


2 KOH + H.,.S(),j-K,SO.,-i- 2 }l,,(). 

■ '.98 

1 c.c. of acid csjutains *0253 grs. oi H._,.S04 ; 

I c.c. of a-cid will neutralise *0253 x grs. KOH, 

■0253 X 1 1 2 X a4*46 . 

9^ 

but 24*46 c.cs. „ „ „ 25 c.cs. of the caustic potash 

solution ; 

^ , , , . -02 q '■? X I 1 2 X 24*26 r - , M I 

3e; c.cs. of the solution contains — — gi's. ot ivtj n ; 

^ ■ ■: ■ ■ '.gO'. 

250 c.cs. of the caustic potash solution or 9*89 grs. of the sticks 
.0253xn2X24#>xio 


contain 


Qh 


. , . , . -02 t X 1 f 2 X 24-.|6 >: m x loo 

per t enl. ol kt ) 1 1 m the stick ^ n • ' ' ' ‘,,8 x ,j.8q 

"- 73 - 19 * 
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Estimation of Na.CO;. in Soda Crystals. 

(liven 1 ('.f. nf snlpliunr ;u-i(l contjuns -0253 t;TS. iL.SO,. 

240 . I'tiv.dcT the rryst.'iis, iind if nsoi^t, (try between iavis ot 
tiller i)U]M>r. Weiid) out ■'iboiu 10 <.;rs. from u stnjijierrh hotili'. 
(iisMolve in water and make U]i to 250 c.cs. 1 'itrale 50 1 , at ;i 
time, u>iny' metliyl oranj^e as indicator. 

\ a.;( ). i ! ._.S( ),i - Na.,S< 1 .^ -f l l;;^ > -!■ < '(h^^ . 

lot) ijiS 

I e.c. of arid rouiains *0253 *;is. ILS.f ). ; 

t e.r. ofae-id will neutr.dise <)2:;3x '•ns, <if Xa..('t’V, 

... 

— ■o2'74 grs. oi Nm,A.'(.):;, 

It nil] be an advantage, v.lien tioitig tn.iuv (-siiniations of 
the same sul^stanee, to ealr'ulate ihi' slU‘Ugl]i of tlie -it.indard 
solution in terms of the suhilaiue to he fount], as above, heime 
jn'oeeeding wit!) tlie ealeulatifiii. 

Euler results :is before. 

Irlottle and crystals, 'p-di grs. 

Bottle. - - - .?o-i 5 „ 


Crystals, 

Titrations with 50 c.e.s. 1. 2. 

va- 1 6 30^04 
■ ■■■■ ' 2-18 


10-45 


a- 

29-86 
I ^90 


2-0.4 

27-98 28-00 27-(/j Avera.gc 27-9H e.c<. 

27-98 c.cs. of :icid.= 27-9S x -0274 grs. NaA'O,., ; 

.'. 250 c.cs. of solution or 10-45 8i'^- crystals contain 
27-98 X -0274 X 5 grs. NaXO;.) ; 

. , 27 -q 8 X -0274 X 3 

per cent, of in crystals = — io~|' ~ x tox 

— 36-68. 

Estimation of HCi in Concentriited 
Hydrochloric Acid, 

241 , fliven sodiutii hydrate solution erjuivalent to, th.e 
suiphuric m id used in the jireiious e.xpenmetit.s, /.c. 1 e.e. -0253 
gr-s. Il.nSOj ; „ 

t c.c, - •c>-t53 ''t ^ k.cs. lit l--''Oi88 grs, IK 1, 
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Pour 7 or 8 c.cs. of conreniniU.-d hyUj'Ochloric ucicl imo a 
weighed stoppered bottle. Weigh the bottle and acid. Wash 
the contents into a 350 c.c. flask and make up to tlie mark. 
Take 50 c.cs. for each titration and run in caustic soda solution, 
using inietltyl orange :is indicate-. Take the inctm t,)!' three 
conccaakint titi'ations, and calculate the result as in the pi-e- 
ceding exaiitples. 

Estimation of Otl.GOOH in Acetic Acid. 

242 . Given i c.c. sodium hydrate solution =--0253 gra. 
PLSt.),(. Acetic acid is a monobasic acid, mol. wt. 60 ; 

60 grs. acetic acid =49 grs. sulphuric tirid ; 

I c.c. sodium hydrate solution-- '0253 grs. <.'dl.,CO< ) 1 I. 

Place about 4 c.cs. of acetic .acid in a weighed st<»p]tered 
bottle, and proceed as for hyrlrochioric. acid, 

No'i'K. Methyl orange ctinnot be used fur organic acids, and 
is replaced by phenolphtbalein (i gr. solid in icjo c.cs. of alcohol). 
Its neutral solution is ctfloiniess, and alktiline solution pink. 
The colour of phcnolphthalein i.s destroyed by c.arbon dioxide. 

Estimation of Sodium Hydrate and Sodium 
Carbonate in Soda Ash. 

243 . Given i c.c. sitlphuric acid = -048 grs. H.2SO,t; 

I c.c, „ „ ='05i9 grs, Na.T:CL, 

and t c.c. „ „ --0392 grs. MaOII. 

Weigh out about 10 grs, of soda ash, dissr)h'e in water and 
make u]) to 500 r.cs. Take 50 c.cs. for each titration. Adil a 
few drops of phcnolphthalein and slowly run in the acid irum 
die burette until the red colour of the lit|uid is just destroyed. 
Read the burette. At this stage the whole of tlie sotlium 
hydrate will have bec’u neutralised and the sodium carbonate 
will haw been converted to bicarbonate. 

eXa .,C O;. 4- H ..S O , 3 N a I H h L -i- X a .S O , . 

Now ad<l a little meihyl orange .and run in acid till die ycdlow 
colour changes to pink. 

2 Na.i 1 CO;j + J-i oSt'hi - N , + i hG + CO.. 


son A ASH 


H will be seen llial l])t‘ sul’iluirie :u id ri;t|i!irc'tl for the lani r 
Operation is ecjnal to nsed in the jjrevions om- iia- tho 

roiuersiiin of the earbontUe to bicarbonate. Hence, Ijy tfonblntt; 
tliis \olumo of arid, we iiave that required ll)r tlie ronijilt.'te 
iieittra libation (d tlu' carboiitite. and by .subtracimq th.c tohaue 
Ko f)bt;iined front the tcjfal ticid used, wc have the voltunc 
retfuired to neutralise the stjcliuin liydr.atc. 

Example. 

W'eiyiit of M Ilia ash used. !>’< 

X'olqnie of ,'n id for tii’s! ()])t>r:ition, - - 

TotakjV'oUinie of iicid iised, - . - . iH-o 

Volunfe used in set (jitd operation, - <S-p ,, 

Volnnn^sed for neiurtilisiition of i'iiiboii.ue, ty-S „ 
and ,, „ ,, ,. liydriite, - t't ,, 

Weight of Nat'di in 50 c.c.s. solution 01 t gr. af saiiiph' 

= M >t -0392 =.= .0431 ; 

T^ercentage of NaOH — 4-3?. 

and weight of Nti</.' 0 ,, in 50 c.c.s. solution or 1 gr. of sainjtle 
= J 7>8 X -05 1 9 == -9048 ; ’S:;'; 

Percentage of NaXO;j = 92-48. 

Noth. The .student should repeat this experiment, using 
pure sodium carbonate to test the accuracy of the irietiiocl. 

In technictil work the alkali present is generally given as so 
much Na^O. Although this substance does not exist as .such 
in the solutions, equations ntay be written assuming its ])resence, 
and the calculation made as before ; thus, 

H .,.SO,t+ Na..O Na^St)., + H2O, 
qS 6s'- - 

therefore if I r.c. sulphuric acid — -c^ grs. ■ 

I c.c. „ „ |;;--.o304 grs, Na.O. 

In the last e.suniation the total Na._,(') will be- 
iH-() X -0304 X 10- 57-45 iier cs*nl. 

As further exercises, the strengths of niirii' acid, suljdsuric 
acid, animoniiun hydiate solutions, oxalic acid, tartaric acid, 
etc, may be estimated. 



Estimation of NH, in Ferrous Ammonium 
Sxilpliate. 

(;i\ en acid and alkali (equal) i e.c;. .qr. n._>SC)). 

244 Fit un the api)aratu;': shown in ihe sketch- d'iq. 55,). 

Crush and dry the salt. 
Weigh into the tlask ^ 4 , 
ail; amount sufficient to 
produce enough aintnonia 
to neutralise aljotit 20 c.cs. 
of the acid. Place iti tlte 
flask C, 25 :C.cs. of the 
standard acid. .-Xdd <'t 
small excess of alkali to 
the salt liftd: keep boiling 
for : about ■ 20 , minutes. 
The arr.'ingcmejtl of the 
fittbks /> and (' prevents:: 
The' '''''aadiyfip»':kpuSihin| 
back into A. Keep the 
flasks Z? and C cool with 
water. Wash the con- 
tents into one flask and 
titrate the excess of acid 
. with standard alkali. Sub- 
G.cs. to obtain the volume 






Fig. 55, 


tract the volume required from 
of acid neutralised by the ammonia. 

To calculat«’ die result, 

1 1 .,-S O j -f 2 N 1 - 1 ^ X H 1 ( ) , : 

I'l.jSCb corresitonds to 2NM.J, 
or yS parts by wc’ght correspond to 36 parts NH,j 


I c.e.: of acid 


;t^. XII 


n X gr 

To determine the Equivalent of Magnesium by- 
use of Standard Acid. 

Cliven N. sulphuric a< id and K. sodium liydrate. 

245 . Iflje ai id contains i gr. of replaceable hydrogen per litre. 
Weigh accurately about -4 gr. of magne.sium into a titrating 


02 
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llui-k, ii'.ld ;i lillle v.ati-r, aii<l ilicn slowly add 50 < .cs. ol-’ llu.- 
siilpliurii: acid. 'Flii' inc.tal dis.soKos v.()inj*lctah- in tiu' ;n 'd. 
'['ilraic iht: excess of mid’ with alkali and (inis tind the lolr.ine 
of riciil neutraiised by die. inai^nesium. Assume this to !)l- 
33 

Calculate ns follows. 

1 c.c. of acid=ocx)i gr. hydroi^eii ; 

■■■ 33 ' -‘^s V » -'•‘Jja ?b- „ 

•033 .yrs. of iiydroyc'u tire replaced by -.4 i^r. m;!i.;nesinin. 

. , '4 


1 .1-1. 


Or the wei 5 .;ht of nietid rcM)uircd to netilrtdise t litre oi tut. 
N. sulphnnc acid may be etilcuhited. 'i'bis is thi' eoiiivtikiii. 
In tlie same way tiiid tlie equiialent <4 ziuc, and of tduminiuii!. 
The I'lller will reijuire ti slioiyj;er solution <jf :n itl, say live 
times normal. 


To determine the Equivalent of Zinc. 

■using the Oxide. 

driven acid and tilkali tis before. 

246 . Use as Ijcfore 50 r.cs. of the acid. W'eii^h out and 
dissolve in lhc> acid }-5 ej-g, of zinc o,\ide. 'i'itrate tlie o.xcesb of 
acid with sodium hydrate. 

Calculate as follows. .Assume the acid used --37 c.cs. 

37 c.cs., />. -037 f^rs. of hydrogen --t -5 i^rs. xinc ONi<]e : 


'•.3 


4>rs. of /im; o.xide. 

■037 

This 40-5 must consi.st of the equivalent of oxy-^en (the o.xy}>on 
conibinin|4 with t part of hydrogen) united to thtit of the zinc, 
tun! therefore the equivalent of zim , will he found by sobtractiuj^ 
8. .*. ccpiiv tdent of zinc ~ 40-5 -- S 3£A. 

Ri'peat with otlier oxides, as 


STANDARD SOLUTIONS OF OXTDISINd ACKNTS. 

PotaBsium Permanganate. 

KAInO,. 

247. Potassium periuanptinnle in presem e. of :t redm iny 
aj'c-.nt will yive up a portion of its oxyjten. Sulphuric add i:- 


’ 


ii! 
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iiUvays added to prevent the precipitation of the inani^aaiesc as 
oxide. In such cases the potassium and inanjj;'ancse are left as 
pota.ssium and manganous sulphattts, and therefore the amount 
of available oxygen is shown by tlte following etjuation : 

2 IvAIriUj 4" 3 id ~ f} “f KotsO j H" 3^^ h)0 "1” s t *. 

'2X 15S. . . ■■■: 5X xO. 

Hius we see that 316 part.s by weight of potassium ]5erman- 
ganate supply 80 parts by weight of oxygim availaltle for 
oxidation. . . * : 

A normal sftlution of an o.xidising agent is one whii'h cop.tains, 
in one litre, the equivalent weight in grams of oxygen availalde 
for oxidation. 

Tlierefore a normal solution of jtotassium permanganate 
contains 3 [-6 parts of the salt per litre. 

The principal reacting clement here is oxygen, hut ihouglt 
the 31'6 grs, of the salt contain 12-8 grs. of oxygen, onlj- 8 gr.-). 
arc avaihdilc. ftrr oxidation. 

Action of Potassium Permanganate on Ferrous 
Salts. 

248 .. In n.xidations by potassinm permanganate, we need only 
consider the available oxygen, thus : 

■ I of' eSO.j+ SHyStXiT 5^ ^ Xifj T 5 H 

10X56. .SX'lf!. 

From this, we see that ro atoms of iron (atomic weight an- 
oxidised by 5 atoms of oxygen, or 560 parts by weight of iron b)- 
10 equivalents of oxygen. 

We may now write : 

I litre of (^potassium permanganate ('ontains 3-16 gia. K]\InC)j. 

I „ „ „ „ yields -8 grs. ('). 

I „ „ „ . „ oxidises 5*6: grs. Fe. 

N Potassium Penuangauate. 

249 . A'eigli out exactly 3*16 grs. of the juirest jiotassiinn 
permanganate, dis.solve in water, and make up to one litre. 

.Sec that all the .salt is dis.soived before using. 
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Estimation of Fe in B\=)iTons Ammonitiiu Suliihate. 

FeSOp (\ ]-l.i;..SO,j . 611 ^ 0 . 

250 , W c'i^h out 4 ;^r.s. of the salt, di.ssolve is", v>att-r 

adfliny a, few drop;-, nf Milj)huric acid, and make up U* av* , - 
Take 50 r.cs. tor i'adi [ilnuion and add dilute i^uljiluirio mu': 
Run in the ptn'inanpanate. As Ihe pormanjj;;i.n;ito is retluudi it 
colour is destroyed, and therefore wlien the osiiiafion ts ■ on!- 
pleti-, one drop \Ai]I eoli)ur the Ji(|uid irernianentlv. 


i e.r. ----jHitassiusn perniinup'ina,le contains -00316 prs, KALu 

11 IV n 11 will oxidise ■fx>56 grs. Fe, 

Lntc'r results, anfi ( alcidatt' as m pre\'iou.s estimations. 


Estimation of B’o in Iron Wirt, 


Given f c.c. af pf)tansiurn pennungan£ite“-oo3t6 {•rs, K.Midtj 

-cxijfo }4rs, Fe, 

251 , Fit up two .small flasks with stoppers ;i!Kl fuhics, t>n that 
a current ol carboii ilinxide may be sent through them (Fig. 56;. 

Place the flask.s on an iron f;r p. 

asbestos ])latc, .standing on a tri- 

pod, Hn<l in etich, jilacf; 60-70 c.cs. LJ 

of dilute sulpliurie acid. iJni} 1 j j 

the ticid to expel ;iir, and then / \ / \ 

pass the carbon dioxide ihrt^ugii / \ / \ 

the flasks. Place in each flask / \ / ^ 

a.buut o-i gram of iron wire, - ALAI — — 

accurately wdglied, and continue 
the current of ga.s until all the 
iron has dissolved. Tilraie the 
whole of the solution in each 
flask ;it one operation, and willi- 
oul lo^s- of time. If the re.sulls 

do not agree, repeat the expert- 2 . y. 

ntent. ' ;■ ■ PllJ;, et). 


r kA( :'TiCA.i . c hem i st rs'. 
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Estimation of Fe in Iron Alum. 

K.jSOi. Fcm(S{>.j)3. C4II.X). 

(jivcn 1 c.c. of potaiHsiuiri permanganate = '0056 gns. Fe. 

252 . The iron in this salt is in the ferric state, and must be 
reduced to the ferrous condition for titration with permanganate. 

Weigh accurately into a smrdl flask about -6 grs. of iron 
alum, dissolve in water, and add sulphuric acid. Place in the 
liquid a few piece.s of zinc (free from iron) and. allow the action 
to continue until all the zinc is dissolved, 'fo see whether the 
reduction is complete, take out a drop on the end of a. fine glass 
rod and touch with it, a drop of a solution of potassium thio- 
cyanate on a white plate. If a red colour is jjroduced, more 
zinc, and I'tossilily acid, must be introduced. If the reduction is 
found complete, titrate the whole as soon a.s the zinc has riissoived. 

The .student should try the action of other I'cducing agents, 
as sulphuretted hydrogen or sul])hur dio.'ddc', t.aking care that 
none of the reducing agent is left when titniting. 

Estimation of E’e in Haematite, 

(Fe./:);;.) 

(liven --- permanganate solution. 

10 

253 . (Irind the haematite \'ery finely in an tigate tnortar. 
Weigh accurately about •/ gr. and di.ssolve in strong hydro- 
chloric acid on a water-bath. Rc-duce the iron to the forrou.s 
state by adding stannous chl'rride in slight e.xcess. Remote 
the excess of stamujus chloridi- 1iy adding e.xce.ss of mercuric 
chloride s<fiution. Dilute to 250 c.c.s. and titrate 50 c.cs. at a 
time.c,: ■ ■ 

Estimation of Oxalic Acid, (GOOH);;, in Commercial 
Oxalic Acid. 

254 . When oxalic acid is oxidi.sed, water and c.arbon dioxide 
are ])rnduced. 

i O 0 1 1 -f D H / ) + 2 C O., , 

■ qu :■ ■ . 16 . ' 

'i'hua 8 parts of oxygen oxidise 45 pa.rts of anhydrous ox.'tlic 
acid. 
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r c.c. " poLi'isiimi |)('rn);jiiy;ii!ate.-- >0008 yrs. oxy;4-(.-!3 ; 

r „ .. „ « — .•CX345 grs. 

W'cigli out 1-5 gi's. of ovu’ic acid, dissolve; in ualCT, atu! iiiaKr 
up to 250 i-.os. 'Take ’5 r.us. for each titration, adci dilut-- 
sulijhuric acid and run in a fow c.cs. of the jtefmanganate. 'i in- 
action is very slow in the colii, but takes jdace readily tit 
ileal the ikoik and ' ontiiuje tidding Uie ]i(;rn)tiiigaua!c' till th" 
ovidtition is complete. t’;ilc;ilal<‘ the-; percentage of oxalic te. id. 

■.Elstimatioii of Oxalic Acid in Oxtik-tlos. 

255 . Oxitiic <ii idi i,-. lilicrtitf'd frcftn o.\alftte.s bs the iidditiot! of 
.suijshuric ticid. tliciviorc proret;d ;is in tlie last er.tiui:iti<‘r.. 

Sstimation of On, in Calcinm Oar'bontite, 

(liven iiotassiuin permting.antite. 

. JO 

256 . Weigh tibout grs. (jf ieeiand s]);ir into tj heake.r, add 
wiiter and dilute hydrochloric acid, tind cover with a cloi k-ghiss. 
When dissohccl, dilute to tibout 100 c.cs., heat nearly to boiru,;;, 
add a slight o>;c<*ss of tinunoniuin liydraie, and then a nuatc-rtue 
excess of aninioniuru o.xtd.ate. Allow tlie liquid to settle, likcf 
and v.ash well with hot water. Make a hole, tit the hottoni of 
the filter jitiper and wtish as much a.s po.ssibk‘ of the jirv' ip!S.;Ul• 
thr()ug•h into a 250 c.c. fitisk. Wasli the iilter ptipcr witii wtina 
dilute liydrochloric at id to remove all the oxalate. .Add ti ten 
c.c.s. of strong .suljihnric ;icid to the liquid, make up to .350 (.1 ?>. 
and titrate go c.cs. at a time. 

I c.c. potassium iiermanganate — ’O045 grs. iCf tOl l v; 

■ 'to ■ 

.-. I „ „ „ „ =‘0020 grs. Ca. 

Estimation of NaNO^ in Sodium Nitrite. 

N 

Guen - potassium pennatiganate. 

TO 

257 . Nitrites are dei onijiti-sed by dilute acids, nitrous twid 
being liberated. The nitnnus ;icid is cxtretiudy imslalih', :uul 
even in dilute solutions splits tip, liberating nitric oxide ; 

3i 1 N (J, ■--- 1 1 N 0;,+ 2N O + H .p. 



) 
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The production of nitric oxide (red yas with air) would mean 
lo.ss of nitrous acid, 'i'he estimation .shotdd Ije carried out as 
follows : 

Wfoiyh out about 2 )^rs. of sodium nitrile, dissohe in water, 
and make up to 5<:X5 c.cs. Take 25 c.cs. for each titration. 
With the first 25 c.cs. run in abfiut 10 c.c.s. of tin* jicrmanpancttc, 
add a few drops of dilute sulphuric acid, and sltake. 'I’lte, 
('olotir of the pennanyanate disappears. Now run in litore 
permanganate (with addition of sulphuric acid if necessary) till 
a permanent colour is produced. The reduction near the end 
of the action is slow, and the solution must be allowed to stand. 
When finished read the. burette. 

Take another 25 c.t's. and run in nearly the volume of ])er- 
rnanganate used in the first titration. .Add a liltl(> acid, and 
then run in ])ermanga.nate till the. oxidation is complete. Tlu; 
.smell „)f the contents of the fla.sk will indicate whether there is 
I0.S.S of nitric oxide. Repeat the experiment and olrtain tlirec 
results which agree. 

NuNO., + 0 =.-NaNO;j. 

60 16 

N . . 

r c.c. potassium permanganate ~ -oooS gr.s. O ; 

■ « 1 ,, ,, ='00345 NaNO.j! 

or r „ „ „ ='00235 grs. HXO«. 


STANDARD POTASSIUM DICHROMATE SOLUTION. 

258 . Like potassium permanganate, this solution is an 
o.xidising agenr, and from each molecule of the salt, tlircc atoms 
of oxygen are available for oxidation ; 

KX>._;07 + 4 fLS 0 , = ICSO^-t- Cn,i'.SO.t';..+4l-LO + 3!'). 

394" * , " ■ ■“ .jS 

Hence 294 grs. of pota.ssium di< hvonratc yield 48 gr'^. of oxygen 
available for oxidation, an<l therefore a normal sohuiun uill 
contain 49 gns. of the salt per litre. A dccinorraal solution (4'9 
grs. per litre) is generally used. 

Preparation of ^ Dichromate Solution. 

259 . (itmtly fuse a little m’er 5 grs. of pure potas,sium dichro- 
matc in a porcelain dish and then powder in a dr}- mortar. 



i 
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Wcii^h out exanly ovs,, dis&olve in waHiV ami mala; up to a 
litre.". , ■ 

1 I'.r. potassium dichroinate contains -0049 pjrs. K.Cr.,07l 

I » 1) » » yields •cx.x)8 itrs. \ 

.'■ I „ oxidises -0056 gr.s. l'‘c. ^ 

Estimation of Pe in Perrons Ammonium Sulphate. 

260 . Cany out the experiment as with pt)tas.siurii petman- 
ganate, except in the indication of the end point. With 
])ll^ta^lsium dichromate the reduced solutioti, v\iiir;]) contaliiN 
diroiniurn sulphate, is green in colour, and it is inqjos'-ihh- to 
distinguish the colour produced by one drii]) of ponissium 
dichromate in this liquid. The use of an e.xtta-nal indictitnr is 
resorted to, and the mode of use is as follows : 

In a test-tube place a small cry.stal of potassium ferrltnstnide, 
and wash it several times with water; then athl water to makt 
a very dilute .solution. By means of a glass rod place a seiics 
of drop.s of this solution on a wltite tile or plate, and from time 
to time during the titration with the dichromate, take out from 
the flask, on the end of a glass rod, a little »>f the Mslulion and 
touch with it one of the drops. If much ferrous iron i.s present, 
a strong blue colour \vill be produced. Tins wall become fainter 
as more dichromate is added, and finally the drop will give only 
a faint brown colour. The oxidation i.s then complete Calcu- 
late as with potassium permanganate. 

Estimation of Fe in Spathic Iron Ore. 

261 . Grind the ore very finely. Weigh out -5 gr. and 
dissolve in the apparatus used for the estimation of iron in iron 

' wire, using a mixture of equal volumes of .strong hydroc hloric 

acid and water. Dilute with air-free water to 5 times the 
; volume, and titrate the whole at once with potassium di- 

^ chroniare. 

I Hy this ])rocess the ferrous iron alone is estimtitcd. 

j To estimate the /'e/c/Z iron, lake a similar weight of ore, 

j dissohe as before, but tliere is no necessity to take precautions 

against oxitlation. Do not use much hydrochloric acid in either 


I 
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process or chlorine will be liberated by action witli tlie 
dichromate. 

When dissolved, add 10-15 c.cs. of strong' sulphuric ai'id : add 
some zinc, and reduce as with haematite ( 253 ). Titrate the 
whole at once. Calculate the ferrous iron as FeO, and the 
ferric as FeoC)^. . 


Valuation of Zino Dust. 

262 . This material is largely used as a reducing agent, its 
value for this ])urpose depending on tin; amount of metallic 
zinc present, it usually contains, however, a large,; proporticin 
of zinc o.vide, together with other im}iurities. 

A meAhod For its valuation is based on the reduction of 
potassium dichromate. Make a -If-N. solution of dichromate 
by dissolving 4*9 grs. and making up to 200 c.cs. 'Fhis setiution 
.should oxidise 3'25 grs. (one-tenth equivalent) of zinc. Weigh 
out accurately about 0-5 gr. of the zinc dust, j>lace it in a 
250 c.c. llask, and add 50 c.cs. of the dichromate solution. 
Now add dilute sulphuric acid, little by little, with gc-iule 
shaking-, until the zinc is completely dissol\-ed, and then make 
upj to the mark with water. The dichromate solution wziuld 
now have been of decinormal strength, but it has Ixeii jjarils- 

reduced. Prepare 100 c.cs. of — ferrous ammonium sulphate 

AO " 

solution, tind titrate 10 c.cs. of this with the reduced dichromate, 
repeating the titration until several latncordant results are ob- 
tained. hii])pose that 18-5 c.cs. of diclrronmte are required, 
and that the weight of zinc dust used is 0-57 g'r. 

'ITien, since only 10 c.cs. of decinormal dichroimite would 

have been required, the dichromate is of decinornial. 

Tlierefore 250 c.cs. contain 

250 X 0-0049 X to „.j.s K,cr.,0- 
' 18-5 

and Ihe amount of dichromate reduced hy ilie zinc is 

250 X 0-0049 (' 1 8- 5 -- 1 tVi . 




SILVER XIT'KATF. 


The weight of zinc equivalent to this is 
250 X 0-00325 fi.S-; • ii,ii 

and therefore the amount of zinc in th(‘ sam})le of zinc dll'-,! is 
25oxo-oo325('io-5 - lO) x 100 
uS-5X‘>57 

STANDARD SILVER NITKATF, SOT-TTL '.x, 

263 . 'fhe molecular weighl of si!v('r nitmie 's 170. .iraJ as 
each molecule contains one atom <if silver and silver is nmno. 
valent, a normal solution of the salt will i ontain a gram nioiet ult.' 
in a litre, /.€. the ec|uivalen1 weight in graius of siher pn litia,. 

A decinonrial solution is generally used. 

Preparation of Silver Nitrate Solution. 

Dissolve exactly 4-25 grs. of silver nitrate in distilled uater 
and make up to 250 c.cs. 

Estimation of 01 in Sodium. Chloride. 

AgNOy + NaCl =AgCl + NaNO.,. 


i c.c. — silver nitrate coinains -0170 grs. AgNO,, ; 
to 


and I c.c. 


„ „ -oicT grs. Ag. 

„ precipitates •00355 grs. Cl. 


264 . Weigh .about 1 gr. of pure sodium chloride, dissolve 
in distihed water and make up to 350 c.cs. Take 50 c.cs. fur 
each ti. ration. Ad<l one or two drops of potassa.m! ilioniiate 
(K.,Crf)i) solution as indicator and run in the siher intiate. 
'rhe s Iver nitrate first pre<’ipitates silvei (hhTulig and osfi) 
when the whole of this i-^ precii>itated will the reii 'dU f r< iirnmate 
be produced, t herefori' vhen one drop give:-- a permanent^ 


'-r&P 


Pill® 


,■/] 
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red colouration the chloride i,s all preci])itated. Calculate the 
percentage of chlorine. 

Civen the equivalent of chlorine as 35-45, calculate the equi- 
valent of sodium. 

^ Sodium Oiiloi’ide. 

265 . The student should calculate the amount of pure salt 
necessary for this preparation and make up the sidutifin. It 

should then be titrated against the - - silver nitrate as a check 

on the working. .Such a solution may he used to estimate 
silver volumetri cal ly. 

Estimation of 01 in Tap-water, 

266 . Make ;i centinornial .solution of silver nitrate, 1 ))- diluting 
25 c.cs. of the decinonnal solution to 250 c.cs. 'fake 50 c.cs. of 
the tap-water for each litnition. 

Calculate the result in grains per gallon. 

I gallon = 70, CK)0 grains. 

70 c.cs. water =70 grs. or 70,000 in.grs. 

Therefore the actual weight, in m.grs., of chlorine in 70 c.cs. 
of tap-water, will give the number of grains per gallon. 

Bromides and iodides may be estimated in a similar way to 
chloride.s. 

Standard Solutions of .Iodine and TMosulpliate. 

267 . I’he iisefulnes.s of iodine in volumetric analysis dejjends 
largely upon its reaction with scKlium thiosul])hate, the iodine 
combining with part of the sodium. The action is represented 
by the following equation : 

eAkuS-TL-i- L-- Na;j.S,]0e-f2NaI. 

By this action we ,are enabled to estimate iodine present in an)- 
solution in the free state. 

Iodine gi\es nith stardi ])aste an inten.'-ely bine (<>lour<^d 
substance commonly known as iodide tjf starch. If a solution 
of sodium lhinsul[ih;ite is added to stan h so coloured, the iodine 
reacts with the .sodium thiosulphate as mentionetl aho\'e and 


IODINE AND TIIIOSULPIIATE. ’,93 

the hluc colour is destroyed. The soliilioni> of iodine and thic;- 
siU])hate generally used ai*e decinormal and are prepared as 
below.' 

^ Iodine. 

268 . If wo regard the free iodine in solution, the <‘q«ivalcr.t 
of iodine being 127, we must di.ssolvo 127 grs, per litre for a 
tlccinonnal solution. If wo consider the iodine solmion as an 
oxidising agent tinting according to the eipiation, 

D-1-HAJ = 2H1 + 0, 

we tignin ai'rive ;il the amount 127 grs. to yield o-S grs. f»f oxYgt a, 
/.c. a decinormal solution. 

Weigh out e.xtictly 127 grs, of powdered jiurest resnhlinicd 
iodine into a litre lltisk. Add about 20 grs. of jiure jioUissiuiu 
iodide .and 200 c.c.s. of wtiter tmd shake until the iodine is 
dissolverl. Then make up to a litre. Keep well stoppered ami 
in the dark. 

^ Sodium Thiosulphate. 

269 . The sodium thiosulphate solution will he cquividunielric 

with the iodine, and we must therefore weigh out ti gram 
molecule of the salt (see equation) for a normal .solution, and 
one-tenth of this for a decinormal solution, and make up to 
a litre, " ■ , 

The same value is arrived at if we take the principal reacting 
element, t.e. the sodium which unites with the iodine. 

Weigh out 24*8 grs. of the pure s.alt, NanSoO,,. 5H.2O, into a 
litre flask, disso]\-e in rvater and make uj) to one litre. Keep 
well stoppered and in the dark. 

Equalisation of the Solutions. 

T.-ike 25 c.cs. of the iodine solution and nm in thiosulphate 
fj-om the burette. 'Phe colour of the i<xline .solution l)ecumes 
fainter as the iodine enters into combination wdlh the .sodium, 
and when only a very faint yellow colour rcmain.s, add standi 
paste. This immediately produces a deep-blue colour. Now 
add the thiosulphate drop by drop, slinking well after each 
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addition, till the blue colour just ilisapjiears. Read the bin-c‘.Uc. 
It' the solutions have been acruratcly made with pure substances 
they will bo found equix'olumetrie. If not, equalise by adding- 
water to the stronger and find the strength of the sodium 
thiosulphate (and therefore also the iodine) as follows. 

Standardisation of Sodium Thiosuiph.ate by means 
of Dichroinate. 

270 . Al ensure eq c.cs. (d‘ — polassium dichromatc nno a 

■ ,io 

titrating flask, add about 2 grs. of solid potassium iodide, and 
then 5 c.cs. pure MCI, 'I'lie hydrochloric acid is oxidised hiy 
the dichromate, and the chlorine so obtained liberates its 
ecpiivalent (jf iodine. The liciuid liecomes dark-brown in 

colour, and contains the equivalent of 2s c.cs. of -A iorliiu' sohi- 

■ . .iO 

lion. Titrate as before with the thiosulphate, adding starch 
paste when the free iodine is nearly all removed. I'he colour 
of the liquid is now compo.sed of the brown of free iodine, the 
blue of starch iodide, and the green of the chromium chloride. 
Continue the addition of thiosulphate carefully until first the 
yellow colour, and then the blue, is discharged, leaving a pure 
green solution. With a little practice, the end point can be 
accurately determined. 

If the thiosulphate solution is exactly decinormal, 25 c.cs. 
should be required to unite wdth the iodine liberated by 25 c.cs. 
of dichromate. From the volume actually used, the strength of 
the thiosulphate may be calculated. 

Estimation of CMorine in Chlorine Water. 

271 . Di.ssolvc 7-B grs. potassium iodide in a little water con- 
tained in a 250 c.c. flask. Add 50 c.cs. chlorine water, aiul 
make up to the mark. Titrate the liberated iodiim, using 
25 c.cs. for each titration. 

Estimation of Bromine in Bromine Water. 

272 . Add 50 c.cs. of bromine water to a 250 c.c, flask contain- 
ing a solution of 10 grs. of polassiutn iodide. Make, up to tlic 
mark tind titrate as with chlorine water. 



lODTXE AND TlIiOSULI'HATE 


Estimation of MnO. in Commercial Manganese 
X>ioxide. 


273. Crind to very finfi ])n\vder and weigli about 
a .‘iinal! flask with ground-in delivery tube (Fig. 
25 r.cs. of strong iiydrochloric .acid and some srna] 
magnesite, and connect to the U-lubes, the first of 
tains 4 grains ;ind the second e grs. of pedassi 


dissolved in water. The bulbs sliuuld be less than half filled. 
Heat gently, 'fhe chlorine evolved liberates iodine, \\hii'h 
remains in solution. At the end of the action, gently boil tlic 
liijuiti in the small flask to drive off the chlorine. I'he imigne- 
site, which dissolves slowly in hydrochloric acid, is placed in 
the flask at the beginning of the e.xpcriment, in order to jirovide 
a stream of carbon tlioxidc at the r.lo.sc. This ]n'events the 
liquid sucking back, and drives out the chlorine completely. 
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When the dislillation is finished, wasli the contents of the 
U -tubes into a 250 c.c. dask, make up to the mark, and take 
50 c.cs. for each titration. 

Mn0a-i-4HCl = I^InCU + 2 H.p -h CL. 

, . . 87 , “ ■.Ov35..> 

I C.C. of thiosulphate ---01 27 .qrs. I 
==•003 .1 S 

=■•00435 yi's- MnCL. 

Estimation of available Chlorine in Bleaching 
Powder. 

274 . Weigh about 10 grs. of bleaching powder into a mortar, 
add a little water, and grind to a thin cream. Pour tlie milky 
lirpiid into a litre flask and grind the residue with a little more 
water, and repeat till all the substance is in the flask. Make up 
to a litre. .Shake well, take out 35 c.cs,, add 10 c.cs. of a solu- 
tion of 5 grs, potassium iodide in too c.cs. of water, and acidify 
with acetic acid. The liberated chlorine displaces an equivalent 
quantity of iodine. Titrate with thiosulphate and calculate the 
amount of chlorine as in previous estimations, 

Ca<nn + 2KI -i- 2CH3COOH = I3+ 2KCI + Ca(C2H;,0.,)2+ Hp. 


Estimation of Hypochlorite. 

Use the solution prepared as directed in par. 38 , 

275 . ■ Make up the whole solution In 500 c.cs. Of tliis take 
10 c.cs. and place it in a 250 c.c. flask. Add a solution of 7-8 
grams potassium iodide in water, acidify the whole with acetic 
acid, make up to the mark and mi.v well. Titrate 50 c.c.s. at a 
time with the thiosulphate. From the result c.'ik'ulate the 
anrount of hypochlorite in the original solution. 

NaOCl -k 2 Kl -i- 2CHpO( ) H = Ip NaCl + aClipOO K + 1 1 .^ 0 . 


Estimation of Arsenious Acid. 

276 . This is oxidised lo ar.senic acid by means of free iodiiK'. ; 

H;,AsO;rf L+ Hy( ) = H3As{),p 2ll 1. 

WT’igh out 3 grams of sodium arsenite, dissolve in water and 
make up to 250 c.cs. Measure 25 c.cs. of this soluiion into a 
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tiiratiny flask, add riM equal Inilk of a satunruui solution of 
sodinra bu arbonate to neutralise the hydriodi.; acid wh'uh uil] 
bt^ tormed, and some st;irch solution, and turate uitli ioditM' 
until a permanent blue colour is just obt;uned. 

A similar expiudment may Ik* made with sodium ais-et'aie. 

Weiqh out 2 qiams, dissolve in uater, add some aretir Knd : I 

and boil for a few minutes to decompose any nitrile in the 1 

material. Cool and m:i.kc up to 250 r.cs. liHiimate any ' 

arsenious acid in the sample by titrating 25 c.rs. as above. 

'Fo determine the arsenic acid, take too < !ch. of the solniion, I 

reduce by saturating with sulphur dioxide and them bfiiling oft ! 

the excess, and make up the cold sohiiion to 2fK> cais. Titrate ;1 

50 c.cs. of this liquid, after addiiig NalR.tt.. and starch, with | 

the iodine solution. This gives iho total amsaint of anst-nic, .md 
hence the amount of arsenic and in the m-iginal .amitle nia^ he i 

calculated. ' i 

Bstmiatioii of Antimony. ^ .1 

277. Antimony trioxide may also Ijo oxidisi/d aaifl e-.inualed 
by means of standard iodine : 

.SbA.),. + 2 L, + 2H,,0 SbAJ- -i- .f li i . 

As in the estimation of arstniic, the hydriiulic arid s<-t free must 
be neutralised with sodium bicarlioneite. 

Weigh out aliout 2 grams of tarfa.r emetii. 

K(SbO)C,jH,iO(; , iofl, 

dissolve in water, and ma.ke uj) to 250 <.cs. 'rilriUe 25 c.cs. 
at a time, adding an equal bulk of saturated solution of sodium 
hit:arhanate and a little starch solution, with standard iodine. 

Estimation of Sulpliurous Acid in 
Aqueous Solution. 

278. Measure 5 c.cs. of freshly jircjiared sulj)hurf!us acid 
into a 250 c.c. flask containing lOO c.c.s, of standard iodivn,; 
solution. The latter must he in excess, so tlial the colour is 
not entirely discharged. Aiake U]i to the mark, and tisrale the 
excess pf iodine, 50 c.cs. at; each titration, with thiosulphate. 

1 !..SO,,+ l,r4- HA).- 1 L,H()4+ 2 H 1. 

Tlie e.stimation may also be made, hnt less accurately, by ^ 




T R A CT 1C AL E M ISTR’i' 


diluting lo c.cs. of llie sul)3huroii.s acid solution to 500 c.cs., and 
running this from a burette into 25 c.cs. of the standard iodine. 

Estimation of Snlpliurous Aoid in a 
Soluble Sulphite, 

279 . Weigh about one gram of sodium sulphite into a 250 c.c. 
flask, dissolve in water, acidify with acetic acid and run in 
a slight excess of iodine solution. Make up to the mark and 
titrate the excess of iodine with thiosulphate. 

Estimation of Hydrogen Sulphide in 
Aqueous Solution. V 

280 . Prepare a dilute solution of sulphuretted hydrogen in 
water, and titrate 50 c.cs. with iodine in presence of starch 
until the blue colour appears. The reaction 

I-LS + 1 .- 2 HI + S 

is not quantitative if more than 0-04 per cent, of hydrogen 
sulphide is present. If more than this quantity is found, there- 
fore, dilute the solution to a sufficient degi'ce and repeat the 
experiment. 

Preparation of Standard Soap Solution. 

281 . Place in a litre flask about 10 grs. of sodium oleate or 
Castile soap, add 500 c.cs. of methylated spirit and allow the 
soap to dissolve. Make up lo a litre with distilled water and 
shake well. To standardise the solution, prepare the following 
solution of a calcium salt. 

Weigh out exactly i gr. of Iceland spar into a porcelain di.sb, 
and add a little dilute hydiuehloric acid, covering, the vessel 
with a clock glass. Allcm the sulistance to dissoh'e, and then 
evaporate to dryness on a water hath. Redi.ssoh’C the residue 
in distilled water and again evaporate, to complete the remo\’al 
of the hydrochloric acid. Now dissolve the residue in distilled 
water and make up to one litre. Each c.c. of this solution 
contains calcium chloride equivalent to -exu gr. of t:akium 
carbonate. 

Take 20 c.cs, of tliis solution in a stoppered bottle of 250 c.cs. 
capacity and add 50 c.c.s, of distilled water. 
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ST A^' DART) SOAP SOLUTION. 109 

Run in tlie snaj) soliuion from a burette, i c.r. at a tiine, aiid 
sha.kc the bottle \\^orously after each addition. When a 
lather is obtained add thd soap more carefully till a ])erman('nt 
lather is obtaiiu'd. This lather should last at least two minute^. 
Read tlte burette and calculate the volume of water to be ad<led 
to the soap solution in order that 21 c.cs. shall jiroduce a iallK'r 
with 20 c.cs. of the ctdcitim solution. I'lie additional i c.c. <»f 
soap solution is roijuircd to produce a lather with 70 e.rs. ot 
distilled water. 

The soap solution is now of such sirent;th that i c.c. uill 
precipitate -oo] pr. of calcium carbontUc or its e<|uivak!nt. 

Since o-ooi gr. in 70 c.cs. (70 grs.) is i part in 7o,t:xx), the 
numher of millig-rams in 70 c.cs. is equal to tlie miinhi-r of 
grains per gallon. 

With this solution, always use 70 c.cs. of the water to he 
tested, subtract i c.c. from the volume of soap solution used, 
and the remainder will give tlte ttumber of grains of calrlnm 
carbonate present in, or equivalent to the magnesium and other 
salts pre-sent in, one gallon. 

Estimation of the Hardness of Water. 

Total Hardness. 

282 . Take 70 c.cs. of water in the. stoppered bottle, and 
titrate with the soap solution. Subtract i c.c. from the volume 
of soap solution used, and the I'emainder gives the numher of 
grain.s per gallon. Repeat the experiment. 

Pennanent Hardness. 

Take about 170 c.cs. of the water in a flask and conntt-rpuise 
on a rough balance. Boil the water for half an hour to remove 
the temporary hardness. Cool and make the liquid ujj to its 
original weight with distilled water, filter tlirough a dry filter 
paper, take 70 c.cs. of the filtrate and titrate as before. 

Subtract the permanent hardness from the total hardnc.ss, to 
obtain the temporary hardnes.s. 
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SFXTION II. 

GRAVIMETRIC ANALYSIS. 

TO DETERMINE THE WEIGHT OF A FILTER ASH. 

283. Before weighing a precipiiale in a gravimetric eistiina- 
lion, it rilioiikl more or less strongi)^ heated, in order tliat 
moisture may be completely expelled, unless the high rcnijau'a- 
ture causes decomposition. Some prec.ipitates are merely dried 


Fig, s8. 

at too° and then weighed, the filter itself having previously Iseen 
^weighed. In case of ignition, the filter, which retains .some of 


ANALYSIS OF COl'FKk Sl.rLli ! ATF. 


the precipitate, is burned, and the asli added lo tin; preripii;ne. 
The weiphl of this ash, wliicli is known, is tiwn deducted fruin 
the total weight. 

To determine the weight of the ash of tlie filters used, w.fgh 
a porcelain or platinum eruriblo. Fold a flter alo.ug :i dianseier 
(1* iy. 58)5 twice more along the lines and c/f rf'-spcctivob'. 
'I'lnm roll thi.s strip, tightly into a narrow roll, a::, at and bind 
it in a spiral manner with a long platinum wire, like f. ,\hnv 
burn this by touching it with tlte dame of tlie ])urn<!p iadding 
the burning coil over the crucible, which stands meanwhili' 035 a 
sheet of gla.^ecl paper. W'hen the llarne ;m<l t!ie ivd glow wlfih 
succeeds it are both extinct, there still remains much unhunii 
carbon. Again touch this with the tkime repeatcidly, but do not 
kee^ji the flame ]>laying on it, until all the carbon is rjuriig mid 
tlic ash alone remains. Shake this into the rruciitle. Kepoat 
until tive or six filters have been burned, a,iid the.n, with a 
I'amel-hair brush, transf-r any fragments whiih ha\<; dropjied 
till the paper into the crucible. Ignite .sts'ongiy for tifluen 
miniitcxs, alkiw to cool in the diisiccator, ;md weigh. Calculate 
the weight of ash from one Alter, and cumpaix' your result with 
the value marked on tlie packet. 

ESTIM.YTI()N OF COPPER. 

284. A. Bj Px-ecipitation as Hydroxide and Conver- 
sion of tills into Oxide by Ignition. 

Weigh out accurately o-8-i gram of pure cojiper sulphate. 
CuSF>,} . 5IJ2O, into a 500 c.c. beaker, and dissolve in about 
too c.c.s. distilled water, adding a few drops of dilute MCI. 
Heat to boiling', and add NaOII soliuiijix as long as a pre- 
cipitate forms. Cover the beaker with a clock-glass, and 1)oi! 
until the precipitate turns black. Allow to settle, lest the dear 
litjuid with litmus jxaper, and if alkaline, Alter at once, pouring 
the dear liquid through tlie Alter, and allowing the precipitate 
to remain in the beaker. To this add boiling water, lioil for a 
few minutes, and again pour the dca.r liquiti through the Aker. 
Repeat this washitig by decantation several times, ami then 
transfer the precipitate to the lilter, using the waslr I'jntlle and 
glass rod. If some of the pre('ipitalo adheres to (he sides of 
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the boakcr, detach it by rubbing with the glass rod, having 
a short piece (r cm.) of tightly-fitting rultber tube on the end. 
Now continue to wash the precipitate on tlie filter, allowing 
each washing to run through completely before adding the next, 
until a few drops of the liquid from the funnel give no turbidity 
with BaCl.j solution, even on standing for five minutes. 

\Mien the precipitate is completely washed, cover the funnel 
with filter paper, and dry in the steam oven. Transfer tlie 
precipitate as completely as possible to a weighed porcelain for 
better, platinum) crucible, fold the paper, with the soiled part 
in the centre, into a tight roll, bind this with platinum wire, and 
burn the ])aper until no carlinn is left. Allow the ash to drop 
into the crucible, first slinking the precipitate to one side. 
Moisten the ash with two drojis of strong nitric acid to reoxidise 
reduced copper, dry gently over a small flame, and then ignite the 
whole strongly for 15-20 minutes. Allow to cool in the desiccator 
and weigh. Repeat the ignition until the weight is constant. 

The method of calculating and entering the tohuU will l.te 
given here as an example. 

Weight of bottle and ixipper sulphate (<•?), 12-3312 grs. 

■ !5"' . w ' ■ 1} (^)) , “ I,1'4060-,, 


5 ! 

n 

T) 


copper sulphate used, 

- 

•9252 

crucible, copper o.xicle and ash(/^), 

14-1510 

■■■ 11 71 


14-1510 

crucible, - ■ , - 

- 

i 3 ; 8 S 75 _ 

copper oxide and ash, 

- 

•2935 

ash, 

- 

•0005 

cojiper oxide, - 

- 

•2930 


Now copper oxide is known to contain 63-57 parts of copper 
in 79’57 of oxide ; therefore tlie. timount of copper in roo parts 
of the salt used is gA'cn by the expression 


0-29 30 X 63- 57 X TOO 

■" 79.57 X 0-9252 

— 25-30 per cent. 


per cent. 


Theoretically, Cu = 25-46 


Error — ~o-i6 


ANALYSIS (IF COPPER SU1..PI1ATE. 

285. B. By precipitation as cupric sulphide, and 
conversion of this into cuprous sulphide by ignition 
with sulphur. ^ 

Weigh out and dissolve the cop])cr sul})hate as above, add a 
few drops of HCl (the solution shouki be li:(‘c from nitric acrid:', 
heat netirly to bailing, and pass II.-.S gas until tiie. liquid is 
saturated and all the copper precijiiiated as Idark CtiS. Allmv 
to settle, and filter at once. Wash with warm H«S water tuiti! 
a. few drops, on adding HCl and BaCl^,, give no turlridity. Keep 
))oth filter lainnel and Ireaker covered v. iih clock-glassi's during 
the filtration and washing, to avoid oxidtilittn of ilje sulphide. 
Dry the precipitate quickly, transfer to a 
Rose crucible (Fig. 59), adding the filter 
ash also, cover the, rarntents of the c;rucible 
with powilei'cd sulphur, and ignite in a 
current (fi" dry hydrogen until all free 
.sulphur is expelled. Allow to cool at 
first in the current of hj'drogen, and wlscn 
nearly cold place in the desiccator. After \ 
weighing, repeat the ignition with sufiihur ^ 
until the weight is constant. The residue \ / 

is cuprous sulphide, Cu.^S. F'rorn the \ / 

weight of this calcuhitc the amount of ^ 

copper as above. 

This method of estimating copper i.s ebiefiy employed in 
separations. The metal may also ])e jmwipitaicd as sulphide by 
adding Na^S.^O^ .solution, or as cuprous thiocyanate, 
l:)y adding ammonium thiocyanate in presence tii siilpluii-nns 
acid, w'ith subsequent conversion into Cu;,S by Ros{i’s inetiiuiL 
Toig-jer cannot l;ie precipitated completely as liydroxide in 
presence of non-^•olatile organic acids, sugars, etc. 


ESTIMATION OF SULPHURIC ACID, {SO4). 

286. By precipitation as bai’inm sulplio/te, Ba-BO^. 
Use copper sulphate. Weigh out the salt as altove, .nculiA tlu* 
solution with hyj^drochkiric arid, heat U) ixtiiing .md add aiiout 
20 c.cs. of ammonium chloride solution, to render the .^ubse(.iuent 
precipitate of Ba.S(,), more granultir and therefore more easily^ 
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iiltered. 'Fo tlie boiling liquid add slowly a boiling s(.)]ulion of 
BaCL as long as a jarecipitate forms. Allow to scUle, wash by 
decantation several times with hot water, and then on the filter 
until the water gives no turbidity with AgNO;, solution. Ijry, 
ignite in a platinum or porcelain crucible, and weigh. If much 
of the precipitate adhered to the niter, moisten the ash with a 
few drops of HCl, add two drops of to convert BaS into 

HavS('),,. Dry carefully, and ignite, Rt-peiU the iguitum till tin: 


weight is constant. From the weight of BaSf); 
SO.;. 


calculate the 


K.STIMA'riON OF WATER OF CRYSTALLISATION'. 

287. A. In crystallised copper sulphate, 

CuSO,i . 5H.,0. 

Dry some of the finely powdered salt l,iy ]n-essing between 
several layers of filter paper, and then lea\ing it exjioscd to the 
air for a short time. Weigh two watch-glasses held with rims 
together in a wire clip. Place in the glass 1-1-5 grains of the 
salt and weigh again. Now heat in the air-bath to 120-130'' for 
an hour, separating the gla.sses meanwhile. Allow to cool in 
the desiccator, and weigh with the glasses closed. Kc-peat the 
heating until the weight is constant. The loss represents 
To determine the remaining molecule of water, heat at 250-260“ 
until a constant weight is obtained. Calculate the {lercentage 
in each case. 

288. B, In crystallised zinc sulphate, ZnSO, . 7H.jO, 
This salt loses <5 molecules of water at looL the last molecule 
only at a low red heat. Proceed as alxn-e and determine the 
loss at 120-130" : for the last molecule use a porcelain crucible 
an<I heat with the burner to dull redness until the weight is 
constant. 

289. C. In crystallised barium chloride, 

Ba0L.2H,0. 

This salt loses all its water at 113“. Determine the lo.ss at 
120-130“. 

A complete analysis of copper sulphate has now been affected. 
Tabulate the results thus : 
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Found. . Cilciiintcd. : 



n 


Cnp]Hn- (as CuO), - - 2?vifi 



1 

i 

„ (as Cu.S), - (25.46', 

■SO,, - - - . 

4 l'!.A - - - - 28.B0 



' 

1 

: iHgO, - - - - . 7.21 




1 

■T-~ — ■;•■■■ 



1 

1 

' lOO'OO ■ ■ ■:. ' ■ 



•{ 


omBitiiiiiiiiii)u>iiu )^lttll|nlllllll]^l|Jl|lll|[lll ' ' ' 



u 

^ , 


I'lHTIAlATICJN OF BARIUM. 
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290 . By precipitation as barium sulphate. ( 4*- 
crystallised bariinu ciiloride. Weigh 07-0‘8 j^rs. iriio a ,00 
beaker, add a little dilute HCl, heat to boiling and jire, ipitaSe 





the Ba.SO.i Iw gradual addition of a boiling solution ol sn!]j|uirie 
acid or ainnionium sulphate, i'-'roceecl exactly ns in the f.-^tinia- 

[ 


1 


tion of vSiJ.i in coj)per sulphate. From the weigiu of ISaSt.b 




calculate the amount of Ba. 

' ' 


i ■ 


ESTLMATION OF CHLORINE, 

j 



291 . By precipitation as silver chloride, AgOL 




Weigh 0-5 grams of barium chloridcj dissolve in ■■.vater and 





acidify with nitric acid. Add a solution of silver nitrate uiitil no 


1 

, 


more precipitate forms, and then cither allow to stand overuiglu 


I 



in the dark, or boil gently for fifteen minutes for inuiicaliato ' 

: ,_i 

1 



filtration. I’hc liquid should be protected fn.)in .strong light. 
Allow to settle, and filter, washing by decantation with lint watci, 
and then on the filter until free from silver. Dry, and transfer 

1 : 

- : .1 
! 

1 



the precipitate to a porcelain crucible, ignite over a small fiaiiK- 

1 

I f 


till the chloride begins to fuse, and weigh. Burn tiif filter, 

1 

I 'I- 


place (he asli in the crum'bie and weigh again. Tiiis last 

1 

1 ® 


increase, less the weight of tlu; ash, give.s the weight of siher 


1 


reduced by the burning of the paper,' Calculate the \\eii‘'hi of 
chloride equivalent to this, and add to the weight of the ]irt-cipi- 
tale. Or convert the reduced silver into chloride by jdacing the 
ash on the in\-erlcd crucible lid, adding two drops of strong , 


i 



nitric acid to dissolve the .silver, and then hydrochloric to I'epic- 
cipitatc as chloride. Dry carefully and ignite until fu-sed. From 





the weight of silver chloride calculate that of the chlorine. 

' 

K 





1 
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TRACTICAL CHEMISTRY. 


'Phis iDelhod is a very accurate one. Conq^are llie V(.)!uine1ri(: 
estimation of chlorides, etc., by titration rvith standard .silver 
nitrate (264). 

A complete analysis of barium chloride ha.s now been made. 
Tabulate the results : 

Found. Calculated. 


Barium, 

- 

- 


56-23 

Chlorine, - 

- 

. 


20-02 

Water, 


- 


1475 

r 00-00 


E.ST1MATTO.N OF .SILVER. 

292. By precipitation as silver chloride. Weigh out 
0-5 gram of .silver nitrate, dissolve in water and acidify with 
nitric, acid. Precipitate the .silver with a slight e.xcess of hydro- 
chloric acid, and complete the estimation as described abot'c for 
chlorine. From the weight of silver chloride calcuhite tliat of 
the silver present, 

293. Estimation of bromine in a bromide. Estima- 
tion of Iodine in an Iodide. Weigh out o-3-o-4 gram of 
potassium bromide or iodide, acidify with nitric acid, precipitate 
with a .slight excess of silver nitrate, and treat the precipitated 
silver bromide or iodide as directed for silver chloride. 


ESTIMATION OF ZINC. 

294. A. By precipitation as 25inc carbonate, and 
conversion of this into oxide, ZnO, by ignition. Weigh 
out about I gram of zinc sulphate, ZnSO.t . /llaO, into a largo 
porcelain dish, dissolve in about 100 c.cs. wfUcr, cover the dish 
with a ciock-giass, lieat to boiling, and slowly add solution of 
sodium carbonate in excess. Precipitation is not complete in 
presence of ammonium salts, and these, if preseui, must be 
expelled by boiling the liquid containing excess of sodium 
carbonate. Filter, wash several times by decantation, and then 
on the filter till free from sodium <'arbonate. 'Po piaueut 
reduction of ZnO in Irurning the filter, and consequent los.s of 
^ziuc by volatilisation, the filter, after removing the precipitate a,s 
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completely as possible, may he moistened with a strong- ■.nlutio-i 
01 ammonium nitrate and^nyain dried, and then bumeri ah me. 
lynitc the whole until tlfe weight is constant, ami froni the 
weight of zinc oxide calculate that of the zinc. 

295. B. By precipitation as zinc stdphide in alkalint^. 
solution, and weighing the anhydrous SnS. Wt h'h 
about I g-ram of zinc sulphate into a 200 c.c. Erlemneyev fla-k, 
dissolve in about wo c.cs. of wafer, add AmOH iu slight f-xr..r-s 
heat nearly to boiling, and ])ass a rapid current of' f i„S mail 
tlie liquid is saturated. Nearly till the flask with water &;itur;if.-il 
with H.S, close it with a cork and allow to stanrl overuighl. 
Filter, wash with water containing aminoniinn :iui[i]iide. njid 
ki'Cp the funnel covered with a glass plate. 

The dry precipitate is then transferred to a Rose crut ibiv, tli< 
filter asli added, the whole covered with powdered .sulphur ;iud 
ignited in a stream of dry hydrogen. The ignition is vepiMt-'d 
until the weight is constant. 

ESTIMATION OF IRON. 

296. By precipitation as ferric hydroxide, Pe(OHj;„ 
and ignition of this to oxide, PeAi- Weigh about 1-5 
grams of ferrous ammonium sulphate, Fe(NH4)2(SO,j)„ .fJ j.C', 
dissolve in 100 c.cs. water, acidify with sulphuric acid, mai add 
2-3 c.cs. strong I-INO..,. Cover the beaker with a clork-gla:--., 
and boil gently for ten minutes to oxidise the iron to ferric salt. 
When oxidation is complete (ascertain this by mixing a dn>p of 
the solution with a drop of freshly prepared ferricyanide sohitimi 
on a porcelain dish, when there should be no blue Cidnur'. add 
AmOH solution in slight excess, heat nearly to lioiling, and 
filter at once, washing by decantation and on the filter mail 
LSaCU solution produces no turbidity. If anunonium rliloride 
was present in the solution, it must also be completely renun ed 
from the ])redpitate by washing, testing finally with AgN'O,, 
solution. 

Dry the precijiitate, transfer to a platinum or jiorcriaiii 
cruciljle, adfl tlic filler ash, and ignite strongly fisr 20 nsinnu-'. 
at a time, until the weight of FeyOg is constant. From this 
calculate the weight of Fe. 


t 
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ESTIMATION OF ALUMINIUM. 

297 . By precipitation as hydros:ide, Al(OH);j, and 
ignition of this to the oxide, Ai^O;.. Weigh about 1-5 
grams of ]X>tash alum, dissolve in too c.os, water, add some 
umrncuiiuni chloride solution, and prciupitate with a slight 
exco.ss of AmOH. Boil until the excess of ammonia is nearh- 
ex]')e]lcd, nnd then hlter and wash. The precipitate must fie 
strongly ignited, as it retains traces of water to a, high tein- 
.perature.. . ■ ■ ■■ 

ESTIMATION OF CHROMIUM. 

298 . A. By precipitation as hydroxide, CrCOHh, and 

ignition of this to oxide, Gr.jO,.. Weigh out about i gram 
of chrome alum, CrdSOj., . . 24II/.), or about 0-7 gram 

of potassium dichromate, K^jCivO,-, and dissolve in 100 c.cs. 
water. In the latter ease, reduce the dichromate completely to 
chromium salt with sulphurous acid, or by beating with 5 c.cs. 
alcohol and an equal bulk of strong HCl, until all alcohol and 
aldehyde are expelled. Precipitate with AmOH in slight excess, 
and heat until the excess of ammonia is nearly removed and 
the liquid is quite colourless. Complete the estimation as for 
iron or aluminium. 

B. By precipitation as lead chromate, Pb0r04, 
which is weighed. This method is described under lead 
( 304 ). 

ESTIMATION OF NICKEL. 

299 . By precipitation as nickelous hydroxide, 
Ni(OH)M, and conversion of this into oxide, NiO, by 
ignition. Weigh about i gram of nickel ammonium suljdiate, 
Ni(NH j)2fSOj)2 . bll.^O, into a 500 c.c. beaker; dissolve in 
water, adding a few drops of IICl, precipitate with a slight 
excess of sodium hydrate or carbonate, and heat tt) boiling. 
Wash by decantation with boiling water several times, boiling 
at each Wtisbing, and them on the filter until BaCl^ i^rodures no 
turbidity. Dry, and ignite strongly in a platinum or porcelain 
crucible. The residue is NiO. 


(XJBALT~-(’AL{'11IM. 209. 

This residue m;iy l)c easily i-educed to nuSidiic niekel by 
Ruse’s method of heating in a currcait of liydroj^en ( 285 ). 'I 'lie 
reduced metal is alloweci to cool at first in tlie ciUTent of 
hydrogen, and the ignition repeaUal until the weigiit of metal 
is constant. 

ESTIMATION OK CXJBALT. 

300. By precipitation as hydroxide, a,nd reduction 
of this to metal, which is weighed. 'I'hi.s k the iuo.-.t 
accurate method of determining cohall. Weigh. alKiut i giiiin 
of cobalt potassium sulphate and dissohe in waler, or o-j gram 
of cobalt o.xide and dissolve in a little strong IlCl, ev,i]H))ating 
on the steam to ex]jel the. e.Kcess of acid. !)is.soi\e tlie residue 
in water, and jjrecipitate the cobalt with ;i slight i;sce;is of 
caustic soda or potash. Heat to boiling and bcii! ttntil the 
preripita.te is almost black. Filter, wtish by decanfafiun widi 
lioiling water, and then on the filter until free frtjni sulphate or 
chloride a.s the case may be. ignite the precipitate in a 
})orceiain crucible with Rose cover, in a stream of dry hydrogiin, 
until the weight is constant, 'fhe residue is metallic cobalt. 

ESTIMATION OF CALCIUM. 

301. By precipitation as calcium oxalate, OaGaO^, 
which is converted by ignition into carbonate or 
oxide. Weigh about 0-5 gr. of Iceland spar into a beaker, and 
dissolve in dilute HCl, covering the beaker with a clock-glass. 
Boil to expel carbon dioxide, add AmOH in excess, and to the 
hot .s(jlution add ammonium oxalate solution as long as a 
precipitate forms. Boil for twenty minute.s, and thcii allow the 
precipitate to settle completely. Decani the dear liquid through 
a filter, and wash several times by decantation with hot water, 
and then on the filter until comjiletely free fi-om ammonium 
o\;alate. 

Dry the precipitate in the steam oven, jilace in a platinum ttr 
porcelain crucible, burn the filler and place the asli also ui the 
crucible. The oxalate m:iy be converted into carbonate by 
heating' gently over a small flame, so that the bottom of tlie 
crucible is scarcely red. It is better, however, viilh tlie quantity 
used abcA’c, to convert directly into oxide, CaO, by heating for 
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twenty minutes over the blowpipe, _or with a Meeker ljurncr, 
until the weight is constant. From the weight of calcium oxide 
calculate that of the calcium. y 


ESTIMATION OF OXALIC ACID. 

302. By precipitation as calcium oxalate. Wkngh 
about 0'8 gr. of pure ammonium oxalate, (Nl'l..;.;(LO,i . 11.^0, 
dissolve in Water, add a little acetic acid and heat to boiling. 
Precipitate calcium oxalate by adding c.xcess of a clear solnti(.m 
of ralciimi acetate, and treat the precipitate as de.scribed abf)ve. 
I'rom the weight of calcium oxide calcuhite the e.([uivalcnt 
amount of (C3O4) or of oxalic acid. 


ESTIMATION OF LEAD. 

303. A. By precipitation as sulphate, PbSO.j, which 
is weighed. Weigh about i gram of crystallised lead acetate, 
Pbt'C3l-I;,0.2)3 . 3H2O, dissolve in 50-60 c.cs. water, and add a 
little cicclic acid. Keep the liquid cold, and add dilute sulphuric 
a(’id until no more pi'ecipitate forms. Add alcohol ec{ual in 
bulk to the liquid, mix well, and allow to stand overnight. 
This ensures complete precipitation of the lead fiuljdiate, which 
is slightly soluble in water alone. Filter, and wash with 50 per 
cent, alcohol until all H.2SO4 is removed. 

Place the dry precipitate in a porcelain crucible, burn the 
filter on the crucible lid, and moi.sten the ash with two drops 
and one drop dilute HoSO.i, to recon\'crt any reduced 
lead or PbS into PbS04. Dry carefully, and ignite the whole 
to dull redness until the weight is constant. 

304. B. By precipitation as chromate, PbCr0.i , which 
is weighed. Weigh about o-S-i gram of lead acetate or 
nitrate, dissolve in water, add a little aceiic arid and .some 
sodium acetate solution, and precipitate the lead with excess of 
potassium chromate. Allow' the precipitate to settle, filter 
through a weighed filter, w<ash first by dectinlation with cfiid 
water and then on the filter. Dry at ux>'' until the weight is 
ronslanl. The residue is rbCrO.,. 

I'his method may also be employed for ilie estimation ctf 
chromium. 


J-EAD-^IAGNESIL'M. 2JJ 

305. C. Lead may also be estimated as sul])liid<> ]*!,*■; 

by the method tiiven^ for copper (in acid solution, 285 ' or tm' 
;anc (in alkaline solution, 295). ' 

ESTIAIATION OF STRONTIUM. 

306. By precipitation as sulphate, Si^SO,j, which is 

i of strontium carl. oik, :" 

SrOO,, and dissolve in dilute HCl, coverinu' the beaker uiil, •, 
rlork-lass. Add 60-70 C.CS. distilled water, and pivripit.ui^ 

the sountium as sulphate, as described alrovc for lead i' 303 ’ 
Strontium sulphate is also slightly soiulrie in wafer 

Dry the precipitate and ignite it as deserihed for barium 
sulphate, f The residue is SrSO,,. 

ESTIMATION OF MAGNESIUM. 

307. By precipitation as magnesium ammonium 
phosphate, MgNH,P0,i.6H.,0, and, conversion of 

into magnesium pyrophosphate 
MgaPA- Weigh out about i gram of magnesium suljiliale’ 
MgS0.f.7H20, dissolve in 50-60 c.cs. water, add .some \nAl 
solution, and then AmOH in excess. If a precipiiate form: 
add more AmCl until it redissolves. Now add excess of sodium 
phosphate and stir well, taking care that the g]as.s rod does not 
touch the beaker. Remove the rod, rinsing it into the beaker, 
cover the beaker with a clock-glas-s, and allow to stand over-niglu. 

E'ilter, and wash with a mixture of i part AmOH (-880' mul 
3 parts water, the precipitate being .slightly soluble in water. 
Continue washing on the filter until the filtrate gives no turhi<litv 
with AgN Q;„ after acidifying with HN Ck. Dry the precipitate, 
transfer to a platinum or porcelain crucible, add tlie lilter ash] 

and ignite, gently at first until water and ammonia are cxp.-lledi 
arul then strongly until the weight is constant. Tin; josidue is 
magnesium pyrophosphate, IVIg^P^O^. From its weight calculau; 
tlie weight of magnesium. 


E.ST 1 MATION OF PHOSPHORIC ACH), 

308. Weigh out about 1 gram of sodium phosphate, 

Na2HP04. 12 H.„, 0 , dissolve in writer, add .some AmOH, and 
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A RSENK: -ANTIMON V. ,, « 

arsenic at'id by oxidatinn with slron.tr HNO.„ and tlir arsenic 
ll)cn estimated as ma^rnosium pyrarsenate as in metlKKl 

A volumetric metiiocl fur the estimation of arsenic is l iven in 
par. 276. 

ESTIMATION 'OF ANTIMONY. 

311. A. By pi*ecipitatioii as antimony trisulphicle, 
Sb,B:;vAYMch is weighed. Woi}.;h about i .t;ram of tartu! 
entetic, K(SbO)Gdi.jO((, A H.jO, and tntat e.xactly as (hvaii-t,] 
for the precipitation of arsenic trisulpliide, except that tin- 
solution should be kept gently boiling durin.g the iaffer ]i;irt oj 
the precipitation with sulphuretted hydro.gen. After n;nnKmg 
the excess of gas with carbon dioxide, filter throng]) a \u-i.gin‘d 
filter, dry at loo” and weigh. 

The precipitate still contains water, and u.Miaily also sulphur. 
Tc.st a small portion of the dried precipitate hy l.oiling with 
strong H Cl ; if it dissolves completely, no free suljihur is p!ej,t-nl, 
and the .sulphide must now be rendered perfectly aiihyilrous. 
To do this, weigh a portion of the precipitate (dried at tok and 
preserved meanwhile in. the desiccator) into a porcel.iin boat 
(222). Place this in a glass tube nine or ten im-hes long, am] 
heat in a current of dry carbon dioxide until the precipitate is 
quite black, Allmv to cool in the current of dry gas, weigh, 
and repeat the ignition until the weight is constant. If free 
suljshur is pre.sent, tlie same procedure is adopted, I)ut the 
temperature must be higher. From thi.s expci’inient the total 
weight of SbaS.-j in the original j)ref;ipilatc can be calculalcd, 
and hence the amount of Sb. 

312. B. By precipitation as trisulphide, and con- 
version of this into antimony tetroxide, SbvO^, by 
oxidation with strong nitric acid. As desci-ibcd aho'.e, 
pre])are the antimony trisulphide, filter through a weighed filter, 
dry at ioo° and weigh. 

'fransfer the bulk of the precij)il;ile, without examining for free 
sulphur, to a weighed yiorcelain cru<;i])le, and weigh. Moisten 
with a few drops of dilute UNO.), keeping the cru<‘iblo coxcred, 
and then carefully add strong UNO.,, little by little, until the 
precipitate is ju.st covered. Wljen the reaction subsides, beat 
gently on the .steam until the sulphide is completely o.xidised, , 
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and tlien eva])or;Ue to dryness. Add a little funiinji HNO,, to 
complete the oxidation, again evaporate to drynes.s, and then 
ignite, gently at first to expel sulphuric acid, and then more 
strongly, until the weight is constant. The residue is Sh^O,. 
Calculate the weight of this which would have betm obtained Irfiin 
the whole of the original precipitate, and fi'om this in turn calcu- 
late tlie antimony, 

ESTIMATION OF TIN. 

313. By conversion into stannic oxide, SnO^, wliich 
is weighed. 

A. Treatment of the metal or its alloys toifli nltrlr add. 
Weigh about 0-3 gram of tin, in the form of fine powder or fiul, 
into a 250 c.c. Erlenmeycr flask, add 20 c.cs. water, and then 
50 c.cs. .strong UNO;; (sp. gr. I-4'). Cover the flask with a, 
watch-glass and keep in the cold until the reaction has subsided. 
Heat tow.'irds the end, adding more HNO;j if necessary, until 
the residue of stannic acid is perfectly white. Evaporate nearly 
to dryness in a porcelain dish to expel most of the nitric acid 
(chlorides must be absent or loss of tin will I'esult by this 
method), extract with hot water, filler, wash and dry the pre- 
cipitate. Transfer to a porcelain crucible, add the ash, and 
ignite over the blowpipe or Meeker burner until the weight is 
constant. From the weight of SnO., calculate that of the tin. 

B. Treatment of solutions of tin. This may be done as 
above, in the absence of chlorides, but it is better to oxidise the 
tin to stannic salt, by warming with HCl and KCIO3, and 
]M'ecipitate the tin from this in the form of stannic acid. Care- 
fully neutralise the oxidised solution with ammonia, add ;i 
quatUity of strong solution of sodium sulphate or ammonium 
nitrate, and warm on the steam for some time. Stannic sulphate 
and nitrate are thus completely decomposed by water, and the 
tin is completely precipitated as stannic acid. Filter, wash first 
by decantation, and then on the filter until free from chhjrides, 
dry, ignite and wcigli as SnOa* 

ESTIMATION OF MERCURY. 

314. A. By precipitating as mercuric sulphide, HgS, 
'Which is weighed. Weigh about 0*5 gram of mercuric 


jMERGURY— CADMIUM 

: . ■■ ■' ■ 

rhlorick- talo a 500 o.o. beaker, dissolve i7',5o~:.c.. «a«a 
acubfy vv„h HCI, warm genlly and saturate wit?, 
hytlrogem AI ow the pfe.pitale to settle, filter il rnu' ■ 

weighed filter, dry at loo" and weigh. > .. 

If the precipitate contains free sulphur, this may he renunod 
liy washing the clry_ precipitate on the filter with carliun dwiil- 
phide, or by warming It in a poirdain dish with a simn- 
" ^^^Iphite, mid again filtering and nashiug. " 

31a B, By precipitating as mercurous chloride 
Hg, 0 l 3 , and weighing as such. Weigh out a little 
curo^ nitrate, dissolve m water containing a few drops of dihiie 
HNO,,^and precipitate the inercnry with a soluli.m of roumiun 
sa t. Allow to settle, filter through a wciglicd filter, wasli v.i!h 
water until free from chloride, dry at roo" and wei-l, 

Mercurous compounds may also lie oxidised ukhaiiiia remi 
anti the mercury then estimated as sulphide. ’ 

ESTIMATION OF BISMUTH, 

316^ By precipitation as carbonate, and ignition of 
this to the oxide, BipOg. Weigh 0-5 gram of liismutli oxide 
or carbonate, dissolve in a little nitric acid, and dilute ivitli 
water. Add ammonium carbonate in excess, and heat ncaiiv 
to boiling for about halt an hour. Allow the jireripitutc to 
settle, filter and wash, dry, ignite and weigh the rcsidiio of 

BioOij. 

ESTIMATION OF CADMIUM. 

317. ^ A. By precipitation as carbonate, and ignition 
of this to oxide, CdO. Weigli about o-8 gr. of cadmium 
sulphate, 3CdS0,j . SIImO, or o-6 gr. cadmium carbonate, Cd(B 
dissolxe in water or dilute HCI in a ,500 c.c, porcelain tlisli, 
and piocccd with the experiment exactly as described for the 
estimation of zinc as oxide ( 294 ). The residue is CdO. 

318. B. By precipitating as sulphide, OdS, and 
■weig’hing in this form. Weigh out and dissohe the 
cadmium salt as above, and nearly neutrali.se the liquid with 
sodium carbonate. Precipitate the cadmium by saturating the 
warm sifiution with sulj;huretted hydrogen, allow tlie pircipitate ^ 


to settle, and filter throut^h a weighed filter. Wash witli watei* 
ronl'dining sulphuretted hydrogen, kc(.‘ping' the funnel covered 
with a dot:k-glas.s to prevent contact of the jirecipitate with air 
as far as ]jo.ssil)le, dry at ioo“ and weigh. If the precipitate 
contains free sulphur, tlti.s may he removed by the methods 
given for mercury sulphide (314l. 

ESTIMATION OF MANGANESE. 

319. A. By precipitation as carbonate, MnCO.,, which 
is converted by ignition into trimanganic tetroxide, 
MnA- Weigh about o-S gram of manganous sulphate, 
i\In.SO.( . 511^0, and di.ssolve in water, precipitate with .sodium 
carbonate and til ter, e.s;a<'tly as de.scribed for zinc (294). The 
manganese is not rcrntpletely precipitated, however, and the 
fillrato and the first luo wa.shings must therefore be evaporated 
to dryness. The residue is c.xtracted with hot water, and the 
small amount of manganese o.xide remaining i.s filtered through 
a small filter. The two precipitates are then ignited together at 
a strong red heat, keeping the crucible lid partly open to admit 
air, until the weight is constant. The residue is MnK04. 

320. B. By precipitation as anhydrous sulphide, 
MnS, which is ignited and weighed. This method is 
also an accurate one, and is carried out exactly as described for 
the estimation of zinc as sulphide (295). 

ESTLMATION OF SODIUM. 

321. By conversion into anhydrous sulphate, which 
is weighed. Gompountls of sodium with volatile or m-ganic 
acids arc readily decomposed by heating with a little strong 
sulphuric acid, forming sodium suljdiate. 

Flace 0-5 gram of sodium cldoride in a weighed platinum 
crucible, ;uld two drops of sulphuric acid and cover with the 
lid. When the. reaction subside.s, warm gently until no more 
HCl i.s evolved. Allow to cool, add two more drops of sulijhuric 
acid and heat, gently at first and afterwards to dull redness, 
until all free acid is expelled. Repeat this treatment till the 
, weight is constant. The residue is Na2S04. 
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'fliis method a])plies also to the corresponding compoinuls of 
metals wliost. siiiplia.tes aie not dcoomposed on heatin*^ 
potassium, barium, load, hlc. ’ 


ESTIMATION OF POTASSIUM. 

322 . A. The method, given above for sodium nuiv rdvi 
be employed for potassium, in its conijjounds with volatile oi- 
decomposable acids. 

lb By precipitation as potassium platinichloride, 
KyPtOlij, which is weighed. In a porcelain dish ]'.liice 
O-3-0-4 yram of potassium chloride, dissolve in a little water, 
add a few drops of dilute HCl, and excess of platinum dilnride' 
solution. The double salt separates slowly, but is sliplith' 
solulile in vvater. Evaporate, therefore, to dryness, allmv Ui 
cool, and extract wdth 50-60 c.cs. alcohol. If i.liis does not 


p'ilter the heavy, yellow' precipitate through a weighed lilter. 
wash with alcohol, dry at 100“ and weigh. The ■ residue is 
KijPtClo. 

Instead of weighing the potassium platinichloride on a tared 
filter, it may be filtered, dried, and ignited in a porcelain 
crucible, when a residue of metallic platinum and i)otassiuin 
chloride, PtH- 2 KCl, is obtained. 

This method serves for the separation of jiotassium frftm 
sodium, the platinichloride of the latter being soluble in water 
or alcohol. 

ESTIMATION OF AMMONIUM. 

323. A. By precipitation as ammonium platinichlo- 
ride, (NH.i) 2 PtCl.t. The procedure is exactly that described 
above for potassium, and the precipitate may either be collected 
on a w'eighed filler and weighed as such, or ignited m the 
porcelain crucible, when metallic platinum ahme remains. 

B. Ammonium is usually determined by distillaiioii 
of the ammonium compound with excess of caustic alkali, the 
liberated ammonia being collected in an excess of acid, and 
determined either as platinichloride, or voluinctricallj'. lor 
the latter method see par. 244 , 
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KSTIMATKJN OF NITRIC ACID. 

324. A. By reduction to amraonia, Iftlio nitrir acid is 
free, it must be neutralised with sodium or potassium hydrate, 
and the rc-siiUiicn’ solution used. 

Weii^h out .about i L;ram of jjotassium nitrate into tlie ila.sk of 
the ammonia distillation apparatus t'Fig. 55, par. 244), add 
10 grams of zinc dust and some fine iron filing.s, and connect 
the flask with the receiver, in which is placed 25 c.cs. of normal 
sulphuric acid. Other ri;ducing agents may be used, such as 
the copper-zinc couple, aluminium amalgam, Devada\s alloy, 
etc. To the flask add now a solution of 15 grams caustic 
soda in 80-100 c.cs. water, and warm gently. Continue the 
distillation until all the anmnniia ha.s passed over. This will 
occupy about one hour. Titrate the exces.s of acid in the 
receiver with normal alkali, and tlius determine the ammonia. 
The calculation is simple., , 

325. 15. By ignition of the nitrate witli silica, when 
nitric anhydride is expelled. 

Powder .some quartz, of purify some fine sand by digesting 
with .strong HCl, washing and drying. Place several grams in 
a platinum crucible, and ignite until the weight is constant. 
Now place about 0-5 gr. of the dried nitrate in the crucible, mix 
it with the quartz by means of a platinum wire, and weigh 
again, f Icat gently for about half an hour, cool and weigh, and 
repeat till the weight i.s constant. The loss in weight is the 
nitrogen pentoxide, NyO^. 

ESTIMATION OF CARBONIC ACID. 

326. A. By decomposing the carbonate and finding 
the loss in weight due to the escape of carbon 
dioxide. 

The decomposition may be effected either by ignition (in 
some cast's only) or by treatment with acids. 

Carbon;Ue.s of roppei-, nickc;!, zinc, magnesium, etc., are 
t'cadily decomposed on ignition, leaving an oxide of known 
coinpcxsition. 'I’he caibonalc should be dried at no'’ Ijefore 
use. 



ESTIMATION Oi' CARBONIC ACID. 
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In the simpler aj)pnratus a .small (50-icx) c.cs.) Erlenmeyer 
flask contains the liydrochlorio acid, the substance beint^ placed 
in the small tube, which is susjjenclcd by mc;ins of a ]>liitinmn 
wire or cotton tlireacl held between the rubber stopper and the 
neck of the flask. The carljon dioxide is dried in the I'alrium 
chloride tube, and the other tube, wliich is drawn out to a 
narnnv upturned capillary dijipinp into the liquid, serves for flie 
admission of air. The procedure is similar to that v, ith the 
Schrotter apparatus. 

327. Ik By decomposing the carbonate and absorb- 
ing the carbon dioxide, which is then weighed. 

'Fhe np])aratus shown in Fi^. 62 may be etnployed fln- this 
method, nhich is a very accurate one. d'lie weighed carbonate 
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Fig. 6a. 

is contained in the round flask (100 c.cs.}, which is fitted with a 
rubber stopper carrying* a tap-funnel reaching to the bottom of 
the flask, and a delivery tube. The latter .should be of one 
l)iece of glass, and connects the flask with the first U-tube, 
Thi.s is filled with anhydroas calcium clilnride, to dry the gas. 
The second U-tube is filled, for the first two-thirds of its length 
with small fragments of pumice impregnated with anln'drous 
copper sulphate (by soaking in strong copper sulphate solution 
and gently igniting the drained material), which rcinoves 
hydrot'hloric acid from the g.as. The remainder of (lie tube is 
filled with calcium chloride to retain traces of moisture from the 
copper salt, the two materials being separated Ijy a plug of glass 
^wook The gas is then absorbed in the potash bulbs, which 
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contain a strung solution of caustic potash (i j^art) in water 

(2'parts). ■ 

The potash tube is caitefully weighed, and connected to the 
U-tube by a short piece of tightly-fitting rubber tulre. The 
■dass tubes should be in contact, and the rubber fastened on 
each by a single turn of thin cupper wire, A little water is 
a,dded to the carbonate in the flask, and hydrochloric acid is 
then slowly added from the funnel, until all the carlxmalc is 
decomposed. The flask is then gently warmed, and air slowly 
aspirated through the apparatus until 5-6 times tlie volume of 
the latter has been passed, d'hc air thus drawn into the 
apijiaratus is first freed from carbon dioxide in tlie small .sod.t- 
Ihne tube attached to the top of the funnel. The potasli tulje is 
then detached, and the ends are fit once closed by means of 
rubljer caps. It is allowed to cool in the balance-room for half 
an hour, and weighed. 

— In weighing com})aratively large glass vessels such as 
these, the weight will be found to increase slightly during the 
operation of weighing, owing to slow condensation of moisture 
on the surface of the glass. The apparatus slionkl hv. \vi}H;d 
carefully with a silk cloth immediately before weighing, taking 
care not to warm it by contact with the hands, 'i'hen w-eigh 
always at the same speed, and correct diflTerences of weight will 
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2 . The oxidation may also l^c oltectod by nilric 

aciil. Woi^ii the sulphide into a tinsk, phu'c; a filtc;r funnel in 
the neck, and through this add some of the acid. When the 
nrst violent reaction i.s over, warm the flask gently until the 
oxidation is complete, and any free sulphur dissolved. Rinse 
the funnel, dilute with tvater, filter and determine the suljjhurie 
acid, as usual. 

3 . Solutions of sulphuretted hydrogen, or ch" alkaline 
sulphides, may be oxidised with bromine water. This is addeil 
in excess, the liquid warmed for lialf an hour, then boilcal to 
expel the free ijroininc, and the sulphuric acid determined with 
barium chloride. 

B. A volumetric method of determining suljihuretted 
liydrogcn by means of standard iodine is descrilred in jrar. 280. 

SEPARATIONS. 

ANALYSIS OF A .SILVER ALLOY. 

329. Weigh accurately one half of a threepenny piece, place 
in a porcelain dish, cover with a clock-glass, and add a little 
water and strong nitric acid. When the metal is di.s.soivcd, 
rinse the clock-glass into the dish, and evaporate to expel most 
of the nitric acid. 

Add water, transfer to a beaker, and precipitate the silver as 
cTloricle. Filter, wash only on the filter and not by decantation, 
adding the first two tvashings to the filtrate. Complete the 
washing and further treatment of the preci])itate as described 
for the e.slimation of silver (292 j. 

'Phe copper in the filtrate may be e.stimated as sulphide (284) 
by precipitation with sulphuretted hydrogen, or ]>y tlie thio- 
cyanate method. For the latter, the liquid must nut contaiir 
free nitric, acid. Neutralise this by adding ammonium hydrate 
until a slight precipitate is produced, then add some freshly 
])repar(al sulphurous acid, and excess of ammonium Lliiocyanate. 
'The co))])er is completely precipitated as white cu])r(>us ihio- 
t’yanate, Cu. 2 (SCN) 2 . 'Phis may be filtered through a weighed 
filter, dried at 100 " and weighed, or Ignited with sulphur in a 
Rose crucible, when cuprous sniphldc remains. 


SF.rARATlOIs’S. 

SKI'ARATION OF IRON AND MANGANKSE. 

330. When these two jiietals occur together, as iii miiujruh-, 
the precipitation of iron as ferric hydroxide always l)iin-h douu 
some of the manganese. To effect the separation of i!)«' niemls, 
the iron (and aluminium, if present) is first prcGipitated a-, hm.i<' 
tel lie acetate, the manganese being left in solution and flctf'.’ - 
mined in the filtrate. 

For jiractise in the method, weigh accurately alN.ul i gonsi 
of ferrous ammonium sulphate and o -8 gram of m.iug.'ia.ii;;-, 
sulphate into a 500 c.c. beaker, dissolve, and oxidisi; tl'ic iron 
hy boiling with nitric acid. Add ammonium carbonale soimiun 
gradually, keeping the beiiker coven^d, until a \eiy slighi 
precipitate remains undissolved. The liquid is now dee], 
reddish-brotvn in colour. Now add a little iicelic arid u, 
redissolve this precipitate, and then a quanlity of anunonimit 
acetate solution. Heat to boiling, when the reddish-lmmn 
precipitate of iron acetate gradually forms, and continue huiiing 
until the liquid, after standing a tew miniiles to allow the 
precipitate to settle, is perfectly colourless. 

F'ilter the liquid as quickly as jiossible, transfer the precipitate 
to the filter, and wash twice with boiling water. To renKne a 
small quantity of manganese which may he contained in the 
precipitate, redissolvc the latter in hydrochloric acid, and 
reprecipitate the iron from this solution exactly as d(;sn'iljt;d 
above. Filter at once and wash the {irecipitate on the liiter 
with boiling water, adding the first three washings to the 
filtrate. Combine the two filtrates and estimate the man- 
ganese as described below. The preci]>itate may be again 
redissolvcd in hydrochloric acid and the iron jirccipilaled 
by ammonia, or it may be ignited at once, when ferric oxide 


To estimate the manganese, the carbonate or .suljihide im-tluxl 
(319, 320) may be employed, but it is better, for tlie sejtaration 
of manganese in mineral analysi.s, to ])roceed as ffilows. .Add 
bromine water to the filtrate until it has a stfftng yellow (.ohnir, 
then add excess of ammonia, w:irm the liquid and allow to st.md 
overnight in a warm place. J^'ilter, wash and ignite llie 
precipitate. The re.siduc. is MiijAh. 'lest the fiUntle with 


more bromine water and ammonia Uj make sure that no 
manj^anese is left in solution. 

r 

SEPARATION OF IRON AND ALUMINIUM. 

331 . These metals are precipitated together as hydrates or 
ba.sic acetates, and there is no rcdialtle gravimetric method <jf 
.separating them, although potassium hydrate is often emplo)-ecl 
for this purpo.se. 

Weigh out about I gram each of iron alum and potash alum 
and dissolve in a little water, if an acid solution is being 
examined, it should be nearly neutralised. Pour the neutral or 
slightly acid solution into 50 c.cs. of a strong solution of; 
potassium hydrate, which is kept just boiling, with constant 
stirring', in a platinum or silver dish, lerric hydroxide is 
precipitated, and is tiltered and washed, rcdissolved in hyrlro- 
chloric acid and rcprccipitated by ammonia, to free it from 
potash. The aluminium is determined in the liltrate by neu- 
tralising* with hydrochloric acid and then precipitating with 
ammonia. 

The most accurate method, however, is as follows. Make up 
the solution to 250 c.cs. with distilled water ; of this solution 
take too c.cs. and determine the iron and aluminium together 
by precipitating with ammonia ( 296 ). 

Then estimate the iron in the original solution by reducing 
portions of 25 c.cs. and titrating with standard dichromate ( 260 ). 
From the weight of iron found, calculate that of FcgOy in the 
combined Fe20.. + A.k0;j precipitate, and thus find the weight of 
alumina. 

ANALYSIS OF DOLOMITE. 

332 . In this and all other complex analyses it is necessary 
first to make a complete qualitative analysis, and tlien to 
prepare a scheme for the separation and estimation of tl'ie 
constituents which have been found. In the case of dolomite 
and other limestones, it will be iKx'Cssary in general to estimate 
the insoluble matter, iron, aluminium, manganc.se, calcium and 
magne.sium, and also carbonic acid and moisture, Orind al)out 
10 grams of the sample to fine powder, and place it in a 
weighing bottle. 



■vnalvsis of dolomite. 


333, Iijstiraation of iiisohible matter. WViyis abort 

2 of the powder into a porcelain dish, cover .i 

clock-glass and add hydrbcliloric acid little by little urci'] sl,^ 
ehervcscence cease.s. Add some more hydrocliluri*. a. i.;, a 
little nitric^ acid, and evaporate on the water-bath I'j ce.nr.'it ti 
drpiess. ^ Heat the residiu; with a little stiong jtydrochV'.rir 
acid to dissolve all the .-.olulile portion, and hot water nlte- 
wash, dry and ignite the insoluble matter. Thi.s consists uJmW 
of silica, and clay. . : " 

334, Estimation ofiron a, nd a Inminmm, Ifmaricane:,, 

is ab.scnt, tin,; inni and aliirnininm maybe precipitated leva tlir ;• 
iis hydrates, with ammonia, the jiredpitate filtered, redisv-.b, < ('’ 
in hydrochloric acid, an<i reprecipilated with amtiionia. ;n 
leintnc tia.ces of ctdciuni present in the first preciiiitatc. 'j'lu' 
ignited residitc oi iron and .ilinniniuin oxides, .iftei w* iuici;,.', 
is dissolved by digesting for a long tinn; with strong ir.uio 
rliloric acid, the iron reduced with zinc or siilpluirons acid .n.,! 
o.stimated with st.andard dichroinatc, 

335, Estima.tioii of inang’anGSs. If manga tic.sR is pn^s 
ent, tlie iron and aluniiniinn are precipitated as acelatf,-,. a-, 
described in par. 330, and the maiigtinesc determined In 
precipitation as hydrated peroxide, and ignition to Mn .f», '330\ 
^ 336. Estimation of calcium. The filtrates and wasliing- 
from the iron, aliirninimn ;uicl rntinganese precipitates arc ioin- 
bined, and. evaporated n neccssart”. If there is ninrb Ima- nv 
the rniner.'d, take one half of the liquid, make alkaline widi 
ammonia, a,nd precipitate the calcium as oxidate, by .adtline 
excess of ammonium o.xalatc to the boiling liquid. Filter, voish 
two or tliree time.s, and rcdi.ssolve the precipitate in liydm- 
chlorir ;u'id. Agiun precipitate with ammonium oxiilale, an.' 
estimate the calcium :ts oxide, as descrihed in par. 301, ’J In* 
solution and reprccipiiatinn of the calcium oxalate rianoves mty 
magnesium which may bo present in the first precipitate. 

337, Estimation of niagnesimn. Evajiurate the nlitiii*- . 
and wa.sliings from the caicinin precipitates to dryness in a 
6-iiich porcelain dish, and ignite on a sand-bath until nciirlv all 
ammonium salts are exjjelled. These, when present m es< f ■ 
prevent the roiiiplete preeipitation of inagne.siuin. 

'To the residue tulcl a. little hydrochloric acid, heal on tlic 

K. I’.C. l* * 
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stcam-]:>ath, add hot water, and liltcr if nec:(‘ssary. Make llie 
solution alkaline with ammonia, and precipitate the magnesium 
as magnesium ammonium phosphate**. Treat this as described 
in par. 307, 

338. Estinmtion of carbon dioxide. Weigh arcu- 
lately i< 5-2 grams of the powdered mineral into the flask of the 
carbon dioxide apparatus (327), and determine the carbon 
dioxide exactly as clescribed. 

The potash tube should be recharged when about half itie 
quantity of carbon dioxide corresponding with the amount ot 
potash it contains has been absorbed. This can be ascerfaincd 
from the incx'ease in weight in successive estimations. 

339. Estimation of moisture. Weigh about 2 grams of 
the powder in a watch-glass, which is covered by a second 
watch-glass, the two being held together by a brass wire clip). 
Remoi’e the u])per glass and heat the jiowder foi" an hour in tiie 
air oven at 200 “ C. Allow to cool in the desiccator, after replac- 
ing the cover glass and clip. Repeat the heating until llie 
weight is constant. The loss in weight is due to the moisture. 


INDIRECT ESTIM.\TION OF ALKAUES IN ROCHELLE 
.SALT. 

340. The metals .sodium and potassium are contained in 
Rochelle salt in equivalent quantities, and in many other com- 
pounds, such as glass, felspars, etc., they occur in varying 
proportions. In both cases they may be estimated, without 
separating the potassium as potassium platinichloride (,322 B), 
by the following method. 

Weigh about 2 grams of Rochelle salt into a platiuuin 
crucible, and heat gently until the water of crysUillisatiun is 
expelled and the salt begins to char. Increase the teinperaiure 
gradually until the crucible is at a dull- red heal. 'I he salt 
is now completely decomposed, and the metals remain as 
carbonates, 

ILxtract with hot water, filter oft" the carbon and wash 
thoroughly with hot water. Acidify the solution with hydro- 
chloric acid, and evaporate to dryness in a platinum dish on the 
water-bath. Dissolve in water and again evajiorate to dryncs.s. 
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to expel free liydroi'hioric acid, and tlien heat tlie residiu- to 
r-,0 in the an'-hath until the weight is constant, 'i'hi.s eivcs 
the weigiit of mixed chloridtes. 

Again dissolve in water, and determine the chlorine bv 
tilialion with silver nitrate ( 264 ), or gravinietrically ( 291 ;. 

I he amounts of sodium and potassiinn may now be erdrn- 
latcd. r.('i .id = weight of chlorides, //---weight of silver cliinridi-. 
.1 --neiglit ot .sodium chloride tind (yf -~.i')~iveig!it of jiojassiuni 
clihn-ide. Then we have 


58-5 '■ 




from which x and (. 4 -a:) may be found, and fioin the*-*-, tin- 
weights of .sodium and potassium. 

Ihe indirect method may also be apfilied to the (icievmm.iiiun 
of mixtures of carbonates by estimating the c'arbon flioxidc, 
mixtures of sulphate..s, and many othens. 
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APPENDIX. 


34:1. Intei’national Atomic Weights, and other 
Constants. 


Elf.munt. 

Symbol. 

Atomic 

Weight. 

0 = i6. 

Speoilic 

Gravity. 

Specific 

Heat. 

Alelting 

Point. 

■ 

Boiling 

Point. 

“t'. 

Aluniiniom - 

A1 

27-1 

2-6 

o-2i8 

656-4 


Antimony 

Sb 

1 20-3 

6-8 

0-0516 

630-5 

— ... 

Argon - 

A 

39-9 

1-3S5* 

- 

~ 189-6 

-■ i8o-i 

A rsonic - 

As 

75-0 

5-73 

0083 

500 

'■ — ' ■ . 

Barium - 

Ba 

137-37 

3-7S 

0-05 

ca S50 

ca 1 1 30 

Bismuth 

Bi 

2oSo 

9-75 

0-0308 

264 

ca 1300 

Boron - 

B 

no 

2-45 

0-24 

■ ^ 

■ . '"■‘-..'.A.'.D 

Bromine 

Br 

79-92 

3-2 

0-0843 

-7 . 

59 

Cadmium 

Cd 

II2'40 

8-6 

0-0567 

321-7 

778:-:c,iv;., 

Cgesium - 

Cs 

i32-8r 

1-88 

, — ' 

26-4 

67a 

Calcium 

Ca 

40-09 

I-S9 

0-170 

Soo 

— 

Carbon - 

C 

1 2-00 

3-52 

0-1460 

— . 


Cerium - 

Ce 

140-25 

6-8 

0-0448 

623 

.A' V,: 

Chlorine 

Cl 

35-46 

2-491* 


- 102 

- 33-6 

Chromium 

Cr 

52-1 

6-92 

0-1216 

(2000) 


Cobalt - 

Co 

5S-97 

I ■ 8-8 , 

0-1067 

1530 

. — . 

Columbium - 

Cb 

93-5 

.12-7 

0-071 

ca 1950 

— 

Copper - - 

Cu 

63-57 1 

1 8-95 1 

0-093 

1082 

— 

Dysprosium - 

Dy 

162-5 ' 

— ' 

_ 


— 

Erbium - 

Er 

167-4 1 

1 

■I ■ 

■ . 

— 

Europium 

Eit 

152-0 1 

.. _ . . 


, , 

— 

Fluorine 

F 

19-0 ! 

I -3 1* 

■ ■ ■ 

“ 223 

- 1S7 

Gadolinium - 

Gd 

157-3 ! 

1 

— ■ 

■■ 


Gallium 

1 .'Ga'- 

.,69-9 

5-9 

o-o8o 

30-1 

— 

Germanium - I 

■ (je ■ 

72-S 

5-47 :. 

0-0737 

QOO 

-- 

Glucinum 

01 

9-1 

1-93 

0-4246 

(900) 


Gold 

Alt 

197-2 

19-3 

0-0324 

io6i-7 

: _ 

I [eliiiin - 

He 

4-0 

0-1376* 



(ca -- 268) 

Myilrogen 

H 

1-008 

00695* 

ca 6 

-258 


Indium - 

In 

1.14-8 

7-12 

0-0569 

155 

— 

Iodine - 

I 

126-92 

4-95 

0-0541 

1 14-2 

1 84 

Iridium •• 

Ir 

I93-I 

22-4 

0-0326 

2000 

— 

Iron 

Fe 

5S-«5 

7-84 

O-IIO 

ca IS7S 

— 

Krypton 

Kr 

8i-8 

2-8215* 

— 


-151-7 

Lanthanum - 

Lel 

139-0 

6-154 

0-045 

S10 

— 

I..ead 

I’b 

207-10 

11-36 

0-0315 

326 




Lithium - 

Lut:ecinm 

Magnesium - 

Manganese - 

jMerciuy 

Molybdenum - 

Neodymium - 

Neon 

Nickel - 

Niivogen 

Osmium 

('txvgejl - 

Palladium 

Phosphorus - 

Platinum 

Putiissium 

Pniseodyinium 

Rndiuni - 

Rhodium 

Rubidium 

Ruthenium - 

Samarium 

Scandium - 

Selenium 

Silicon - 

Silver - - 

Sodium - 

Strontium 

Sulphur - 

Tantalum 

Tellurium 

Terliium 

Thallium 

Thorium 

Thulium - 

Tin - - 

Titanium 

Tungsten : - 

Uranium 

Vanadium 

Xenon - 

Ytterbium 

Yttrium” 

Zinc 

Zirconium 


Atd'KNOiX. 

I Atomic 

•1 t'dielu .« 

O- ,d luavilj. 


7-00 

0-59 

174 

__ 

24-32 

i -75 

54 - 9.5 

ca 8 

200-0 

I 5 -60 

96-0 

9-01 

144-3 

6-96 

20 

0-6915 

58-68 

S.8i 

14-01 

0-9672 

JOO-f) 

22-48 



Aleluiic ' lii.iliti" 


i %2-7 , ca iiffo 
12^5 

L- “'39. - : .is; 

. S40 „„ 

, 1 . 1^4 : 

■ 105 

ca 24C'0 . — 

inti. -224 -1.SJ5 

ea isji 

44 -,-; 290 

ea 175U ; 

*'"■3 757 

94 0 , 

(IQOO) . : ; 

3''’‘5 but) 

(2000) : 

ca 1350 — 

217 cabSo 

(laoo) 

960-5 

9 S ;6 877 ’5 

ca Sco 

114-5 44^ '4 

ca 2270 — 

452 


0-055 
0-1125 
0-0340 
0-0276 , 


0-093 

0-0660 
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343. Sulphuric Acid. 

Spccii'ic Gravity and Concentration of its Solutions. 
(Lunge and Isler.) Tein|.ieratiire 1 5/4. 


Specitic 

Per 

.Specific 

Per 

Specific 

Per 

Specific 

Per 

Gravity. 

Cent. 

(■iravity. 

Cent. 

Gravity. 

Cent. 

( jra\ it y. 

Cent. 

I -005 

0-S3 

1-240 

^2*28 

1-480 

.57-83 

1-720 

78-92 

1-020 

3-03 

1-260 

34-57 

1-500 

59-70 

1-740 

8o-68 

1-0.-! 0 

5 ' 9 t' 

1-280 

30-87 

1-520 

61-59 

1-760 

82-44 

I -060 

8-77 

1 -300 

. 39-19 

1-540 

03-43 

I-7S0 

84-50 

i-oSo 

11-60 

1-320 

41-50 

1-560 

65-08 

i-Soo 

86-90 

MOO 

14-35 

1-340 

43-74 

1-5S0 

66-71 

I-S20 

90-03 

I-I20 

17-01 

1-360 

45-88 

1-600 

68-51 

1-827 

91-50 

I -140 

I 9 - 6 i 

I -380 

48-00 

1-620 

70-32 

1-834 

93-05 

I -160 

2I-IQ 

I -400 

50-11 

I -640 

71-99 

1-839 

25-00 

i-i8o 

24-76 

1-420 

52-15 

I -660 

73-64 

1-8415 

97-00 

1-200 

27-32 

1-440 

54-07 

I -680 

75-42 

1-8400 

98-70 

1-220 

29-84 

1-460 

55-97 

1-700 

77-17 

1-8385 

99-95 


344. Hydrochloric Acid. 

Concentration and Specific Gravity of its Solutions. 
(Kolb, recalculated by Gerlach). Temperature 15/0. 


°L 

HCI. 

Specific 

Gravity. 

7 . 

HCl. 

Specific 

Gravity. 

7 ,. 

HCl. 

Specific 

Gx-avity. 

°L 

HCL 

Specific 

Gravity 

0 

0-9992 

11 

1-05529 

22 

1-11058 

33 

1-16587 

I 

1-00503 

12 

1-06031 

23 

1-11560 

34 

1-17089 

' 2' ' 

I-OI005 

13 

1-06534 

24 

M2063 

35 

I- 17592 

3 

1-01508 

14 

1-07037 

25 

I -12566 

36 

i-i 8 of)S 

4 

I -02010 

15 

I -075 39 

26 

1-13068 

37 

1-18597 

5 

1-02513 

16 

1-08042 

27 

1-13571 

38 

1-191 

6 

1-03016 

17 

1-08545 

28 

I -14074 

39 

i-i<)6 

7 

1-03518 

18. 

1-09047 

29 

M4516 

40 

1-200 

S 

1-04021 

19 

1-09550 

30 

1-15079 

41 

1-204 

9 

1-04524 

20 

1-10052 

31 

1-15581 

■ :42'. : 

1-208 

10 

1-05026 

21 

!■ 10555 

32 

1- 16084 

43 

I- 2 I 2 


